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SOME REMARKS ARISING FROM 
DAMAGE SURVEYS. 


By T: NELE 


to features in the design of ships which 

have necessitated repair, and apparently in 
some cases not received adequate consideration 
While the vessels were under construction. 


I T is proposed in this Paper to draw attention 


In the cases of plans submitted for approval, 
details of construction which are known to give 
trouble are amended as necessary, but frequently 
on such plans the only reterence to some items 
is a table of seantlings on the Midship Section 
or Profile and Decks plan. For example, a 
bulkhead is often represented by a line in the 
profile, and the thickness of plating at various 
depths is indicated at the appropriate position 
while the size and spacing of stiffener are stated 
alongside. This system can be satisfactory, but 
greater responsibility for the structural arrange- 
ments is then left to the local Surveyor. 


In practice there appears to be little general 
liaison between the Shipbuilder and Shipowner. 
After a vessel has been in serviee for some 
months, the Builder hears little news of it, and 
and is therefore entitled to assume that no 
defects have developed. 
do develop, and the purpose of this Paper is to 
illustrate some of the troubles which have been 
encountered. 


London is essentially a “repair port,” but it 
is seldom that major repairs are undertaken. 
Most surveys are confined to voyage or damage 
repairs, and the usnal Classification Surveys. 
Hence attention is focused on defeets which 
occur frequently under varying conditions in 
different ships. In addition, as a large pro- 
portion of these vessels in London are on a time 
schedule, many of the repairs are dealt with on 
a temporary basis so that delays in sailing dates 
are not involved. 


As the cases to be dealt with are generally of 
regular types, the names of the individual vessels 
are not given, but a summary giving their 
principal particulars is appended. 


Unfortunately, defeets . 


HEAVY WEATHER. 


“Heavy weather” must be the most common 
heading under which casualties arise, and, in 
general, the following examples come under this 
category. 


Under present economic conditions, many 
vessels have been crossing the North Atlantic in 
a ballast or light condition, particularly on the 
westward passage, and in such circumstances 
appear to be subject to exceptionally heavy 
stresses. Experience on surveys of some of these 
vessels shows that troubles are encountered in 
way of discontinuities in the structure, where 
there appears to be great difficulty in providing 
adequate compensation. 


VESSEL A. 

Vessel A is of full scantling type and a part 
profile is shown in Fig. 1. While on westbound 
passage two days out from Falmouth, heavy 
weather was encountered, and such severe damage 
was sustained that she was put about and tem- 
porarily repaired at Falmouth before continuing 
her voyage. 


Subsequently permanent repairs were effected 
in London and the damage, which was in the 
No. 2 lower hold, embraced the following 
items :— 


Frames: 16 (p.s.) and 14 (s.s.) buekled. 


Shell Plates : 
renewed. 


9 buekled, of which 6 were 


Centre Girder: hogged 1% in. 
frames 136—146. 

One keel plate, one margin plate, floors, 
girders, &e., buckled. 


between 


Rudder side plates fractured. 


The Owners’ Representatives stated that this 
was the second of four sister ships which had 
suffered similar damage. They therefore pro- 
posed, and subsequently fitted, additional girders 
to stiffen the bottom shell forward. 


It is suggested that the concentration of 
loading, when the fore peak and No. 1 tanks 
are full, the break in continuity at No. . 146 
bulkhead, and the severe North Atlantic service 
may have contributed to this particular damage, 
and, on this assumption, the design would pro- 
bably have been improved if the break at No. 146 
bulkhead had been eased by “ramping” the tank 
top. ; 

On a later voyage this vessel again encountered 
heavy weather and sustained damage, this time, 
however, on the deck. It was found that the 
deck flanges of the hatch foundation angles were 
fractured. at all four corners at both Nos. 2 
and 3 hatches. The angles were arranged so 
that those on the transverse coamings extended 
to the toes of those on the longitudinal coamings, 
with the butts welded (Fig. 2). All these welds 
were fractured. It is therefore considered that 
when this type of connection is employed the 
welded butt should be in the fore and aft 
direction. 


VESSEL B. 


Vessel B was likewise on the North Atlantic 
run and had been in service only fifteen months. 
An outline arrangement is,shown in Fig. Se 


The plan of the long deekhouse had been sub- 
mitted for approval. The layout of the house 
is as shown in Fig. 5 and the plan was amended 
to show girders in way of all the recessed parts 
of the house sides, to be fitted under the boat 
deck, These’ were accordingly fitted, although 
they are not indicated in the sketeh. 


The girders at the recesses marked “X” took 
the form indicated in Fig. 4. The vessel suffered 
damage in heavy weather, the welded connection 
at each end of the girder was fractured and 
the fractures extended down the house side 
plating (p. & s.). In addition the plating was 
also fractured at the four corners of the entrance 
doors (p. & S.). 

In way of recesses in deckhouse sides, it is 
the practice to recommend that girders be fitted, 
although the particular example quoted seems 
to be a very poor type of girder, and relies 
entirely on the fillet welds at the ends. 


It is suggested, therefore, that these girders 
should be omitted, but in lieu the strakes of 
deckhouse top plating over the recesses should 
be locally increased in thickness so that, in the 
event of heavy working, the stresses would be 
taken up by such plating. 


The No. 3 hatch on the deckhouse top was 
trunked to the bridge deck, and the house top 
plating in way of the two after corners of the 
hatch were fractured (no corner doublings had 
been fitted). It is suggested that doublings 
should be fitted to hatch corners on the top of 
long deckhouses. 

The bridge end plating was fractured at all 
four corners of the tonnage openings (p. & s.). 
It cannot be emphasised too strongly that the 
corners of all such openings should be well 
rounded. 

Summarising cases A and B it would appear 
that vessels on the North Atlantic run encounter 
severe weather conditions which induce stresses 
of a higher order than normal, and particular 
attention should be given to avoid any discon- 
tinuities in the structure. 


RUDDERS. 
VeEsseEL C. 


Under “heavy weather” damage the rudder 
appears to be one of the most frequent casualties. 


Rudders have long been a controversial subject, 
and, no doubt, many volumes could be written 
dealing with their defects. | However, as the 
double-plate stream-lined rudder is the most 
popular nowadays, it is proposed to deal with 
that type only, an example of which is shown 
in Fig. 6. 

It will be noted from Figs. 7 and 8 that 
fractures were found in the welding of the lower 
part of the coupling to the rudder mainpiece. 


The turning of the rudder should never be 
dependent on the welded connection only, and 
when a lower portion of the coupling is welded 
to the mainpiece a rebated joint should be 
arranged to take the shear. Preferably, of 
course, the lower portion of the coupling should 
be an integral part of the mainpiece forging. 


The most common defects encountered are 
fractures in the side plates. They generally 
follow the same pattern, i.e., the plate connected 
to the web plate by welds round a tongue of 
plating (Fig. 7) fractures across the diagonal 
corners of the slot and through the weld material 
while the plate connected to tbe web plate by 
fillet welds fractures along the line of the web 
(Fig. 8). 

These defects are so common in service that it 
would appear that this type of design is basically 
wrong or, at least, leaves room for considerable 
improvement. 


It is suggested that consideration should be 
given to the following points :— 


(i) Substantial inerease in thickness of the side 
plates when in association with webs which 
form “hard” spots. 

(11) Fitting flanges to the web plates to provide 
a faying surface and thus ease the “hard” 
spots. 


Me 


nut was missing. Cheek pieces had been shaped 
to suit the flat faces of the nut and secured to 
the top surface of the rudder gudgeon; these 
were still in position. It was therefore assumed 
that the pintle itself had rotated and gradually 
raised the nut elear of the cheek pieces until 
it was finally lost. This rudder was hinged on 
two pintles, and it was only the keep ring which 
had prevented the lower pintle from dropping. 


GAP 


CHAMFER 
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(iii) The abolition of the “tongue” type of con- 
nection, for the following reasons :— 

(a) First, it is virtually impossible in 
practice to provide a satisfactory radius 
to slots in plates which are only about 
‘50 in. thick. Second, if this should 
be achieved, the benefit is lost unless the 
edges of the tongues are also rounded. 


(6) Finally, when the fractures oceur using 
this type of connection, as a prepara- 
tion for repair the fracture is cut out, 
and automatically the tongue is removed. 
Therefore the repair has to be effected 
without the tongue, so that any benefits 
are destroyed at the first repair. 


Vesseu D. 

Another source of trouble on rudder surveys 
is in connection with pintles which work slack. 
In the case of the vessel D, a new lower pintle 
(Fig. 11) had been fitted in 1948, and during 
a normal docking survey it was noted that the 


Whiulst dealing with rudders, attention can be 
drawn to a common practice nowadays of fitting 
bronze bearing rings between the gudgeons, as 
shown in Figs. 7 and 11. This is very prevalent 
and, when the arrangement is as in Fig. 7, makes 
it impossible to ascertain the condition of the 
bushes during docking surveys. 


LEAKAGE. 

Leakage is another common defeet frequently 
attributed to heavy weather. In the following 
cases it is proposed to draw attention to features 
in the design whieh could have been improved. 


VESSEL E. 

Vessel E, of which a part profile is shown in 
Fig. 12, reported leakage from the fore peak tank 
into No. 1 hold. The arrangement of the fore 
peak bulkhead was found to be as in Fig. 13. 
The leakage was from the seam at the end of 
the bracket of the lowest stringer. It will be 
noted that the bracket ends in the middle of 
a panel of plating between stiffeners, and it was 


concluded that the working of the bracket had 
started both rivets and caulking. 

The stringer connections should be arranged 
in the same plane, and the end of the bracket 
should be carried to the stiffener. 

With the present-day tendency of all-welded 
connections, great care must be taken to ensure 
the correct alignment of the stringers on each 
side of the bulkhead. 

It is suggested that greater efficiency can be 
obtained by slotting the bulkhead wing plates to 
permit the stringer being continuous through the 
bulkhead. With such an arrangement the bracket 
in the hold could then be considerably reduced. 


VESSEL F. 


An insulated vessel F reported oil leakage 
from the D.B. tank into the bilges after heavy 
weather. In the holds the arrangement was as 
shown in Fig. 14, from which it will be seen 
that the outer strake of tank top plating forms 
the continuous gusset. The margin plate is con- 
nected to the tank top by means of a hooked 
angle. The leakage was traced to the rivets in 
this connecting bar and to the top of the margin 
lugs and rivets in way. 

The fitting of the angle bar at the tank top 
appears merely to provide further opportunities 
for trouble, and on account of the large bevel 
there is great difficulty making the inside flange 
of the angle flat to provide a perfect faying 
surface. It is considered that the flanged margin 
or welded margin is far superior to the design 
shown. 

Further, to facilitate repair, greater access 
would be provided if the tank margin could be 
arranged about perpendicular to the gusset 
plates. 


WATERTIGHT BULKHEAD. 


RIVETED BUTT 


VESSEL G. 


Vessel G was also insulated and oil leakage 
was noted from the tank top into the bilge. 
After removal of parts of the tank top insulation 
the leakage was traced to the heel of the founda- 
tion angle of the hold bulkhead and appeared 
to start in the vicinity of the stiffeners. The 
stiffeners were welded to the tank top, as shown 
in Figs. 15 and 16. It is considered that when 
this type of construction is adopted, the flange 
attached to the bulkhead, together with a portion 
of the web, should be cut back to enable caulking 
of the foundation angle to be completed satis- 
factorily. 


In this particular ease repair was further com- 
plicated by the position and construction of the 
sounding pipes. 


On this same vessel G leakage from the after 
peak tank was reported. The construction was 
as shown in Fig. 17, from which it will be seen 
that the main or second deck is “stepped” at the 
after peak bulkhead. The second deck, of all- 
welded construction, was also welded direct to 
the bulkhead. Fractures developed in the bulk- 
head plating, first in the vicinity of the tunnel 
escape and gradually extending outboard. <A 
number of previous fractures had been welded. 

The bulkhead plating was renewed as neces- 
sary. In addition the 10 in. deck filling panel 
was removed and a riveted butt introduced. 
(See sketch below.) 


When vessel G was docked fractures were noted 
in the shell plates (p. & s.) in way of the fore 
peak tank (Fig. 18). The internal construction 
was found to be as shown in Fig. 19, which shows 
that, on account of the fineness of the vessel, 
frames Nos. 89 and 90 were stopped at the lower 


CONTINUoUS FILLETS 


Mai DECK 


stringer, aud a breast hook, fitted below that 
stringer, ended in the middle of an unsupported 
panel of plating. The connection of the breast 
hook to the shell plating was by a continuous 
fillet weld on top only. 


This arrangement would probably have been 
improved had the breast hook been extended att 
to frame No. 88. 


Vusse. H. 


Vessel H was under survey for leakage of oil 
from the D.B. tank into the bilges. 


The construction of the vessel was such that 
the hatch side girders were supported by tubular 
pillars carried down to the tank top. In the 
No. 2 hold where the tank top narrowed, one 
pillar landed on the knuckle line. The doubling 
plate fitted under the pillar heel was extended 
over the bilge, the frame feet brackets being level 
with the tank top (Fig. 20). Intermediate 
brackets were fitted between the frames and 
floors, supporting the doubling plate. 


Oil was found to be leaking between the top 
of the margin plate and the underside of the 
continuous gusset. The edge of the doubling 
plate was welded round the three sides on the 
tank top and on top of the gusset. As the 
remainder of the tank top was riveted, it was 
assumed that all connections under the doubling 
were riveted. 


This arrangement cannot be considered satis- 
factory, and in circumstances where a pillar must 
land on the knuckle it would appear better if all 
connections under ‘the doubling were welded, or 
alternatively if a built-up seating, which would 
permit access in the event of leakage, were em- 
ployed. Also, great care is essential to ensure 
that all the structure under the pillar is a bearing 
fit. 


HATCH COVERS. 


Whilst not under 'the heading of heavy weather 
damage, it is felt that some remarks should be 


made about steel hateh covers, which have been 
found very prone to damage. 


In particular it is desired to draw attention 
to the interlocking type, which fit together very 
snugly (Fig. 21). Whilst up to date this type 
of cover has not been encountered frequently, on 
each occasion there has been quite a number of 
repairs. Most of the damage has apparently 
been caused by cargo or rough handling and ean 
be dealt with at survey, but the disturbing thing 
to note is that when covers of A type are deflected 
all the covers in that section cannot be fitted in 
place, which results in some, depending on their 
size and the total deflections, being left off 
altogether so that the hatch is not effectively 
closed. 


Another variety of the steel hatch covers with 
which there have been large scale repairs is the 
type which is of similar shape and size to the 
ordinary wood cover (Fig. 21a). On one vessel 
on which only the two forward hatches were fitted 
with this type of cover 64 were repaired. The 
defects were apparently due to the failure of 
the welding, as the steel ends of the covers were 
missing or loose. Latterly it was noted that 
additional stiffening had been provided, and eon- 
siderably less repairs were required. 


Generally with these types of steel hatch eovers, 
whilst they satisfy the strength requirements, the 
seantlings are so light (the thickness being 
about * in.) that they will not stand the rough 
usage in port; also the welding of some of the 
butts leaves much to be desired. It is suggested 
that these covers would be more efficient if the 
thickness is increased. 


When compiling this Paper reference was made 
to Note Books, Reports and Plans. In some 
cases plans of the actual vessels or of particular 
parts of the structure were not available, and the 
reader’s indulgence is begged for any minor 
details which are not strictly accurate; in all 
cases, however, the salient points discussed are 
believed to be accurate. 


SUMMARY. 


a 


Vessel | Date of Build 
At 1946-5 
B 1947-4 
1937-7 
D 1929-1 
1D) 1947-3 
F 1942-4 
G 1945-6 
H 1944-12 


Class 


Gross 
Tons 


EIO0A1 


with freeboard 
FIO0A1 
F00A1 
*FI00A1 


with freeboard 


I00A1 
00A1 


with freeboard 


IO0A1 


with freeboard 


I00A1 


with freeboard 


9824 


16984 


7173 


12090 


85638 


9916 


Registered Dimensions 
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DISCUSSION ON MR. T. NELL’S PAPER 


SOME REMARKS ARISING FROM 
DAMAGE SURVEYS 


MR. J. M. MURRAY. 


It would be possible to criticise the last para- 
graph under the heading ‘Vessel B.” It is 
agreed that the North Atlantic run is a very 
severe one, but particular attention should be 
given to avoid any discontinuities in the structure 
of all classed ships. There cannot be any 
differentiation with respect to service. 


The damage to rudders mentioned under 
Vessel C is a constant source of annoyance and of 
the recommendations made by the author to 
avoid trouble, that numbered 2 would probably 
be the most effective. The Rules now provide 
for side plates of rudders being appreciably 
thicker than was formerly the case, and it may 
be that this will help to reduce propensity to 
fracture. 


The repair to Vessel G is of interest, but it is 
doubtful if the insertion of a riveted butt will 
have much effect; the effect of introducing 
riveted in a welded structure is not yet 
completely defined. 


The point raised about the welding of the hatch 
foundation angle in Vessel A is of interest, but 
in my opinion the exact design of the weld has 
little bearing on the matter; the cause of the 
weakness must be sought elsewhere. 


MR. G. M. BOYD. 


This paper is of a very important type, since it 
deals with what seems to be one of the prime 
functions of the Society, namely, to learn from 
the everyday experience of troubles, to find out 
their causes, and to recommend means to avoid 
their recurrence. 


The second paragraph on page | indicates that 
details of connections, etc., are often left to the 
local surveyor or to the shipyard. In my opinion 
sufficient importance is seldom attached to 
connections, which provide one of the most 
frequent sources of trouble. 


The next paragraph also makes an important 
point. When one criticises a detail, it is not 
unusual to be met with the unanswerable retort 
that “we have been doing it for years and never 
have any trouble.” The fact is that troubles 


such as fractures in connections are often due 
to fatigue, and do not show up until long after 
the guarantee period. Furthermore, such minor 
troubles are usually repaired without bringing 
them to the notice of the shipyard. 


On page | the details of damage to Vessel A 
are given with reference to frame stations, and it 
is fortunate that Fig. 1 is provided to show that 
these are counted from aft. There is no uniform 
convention on numbering of frame stations, tanks, 
plates, etc., and ambiguity often arises in reading 
survey reports on this account. It would be 
very helpful if surveyors would say from what 
direction the numbering is made. 


With reference to the damage to Vessel G 
(page 4) the operative point with regard to Fig. 17 
is that the deck is stepped at the after peak bulk- 
head and in the case of the shell fractures (Fig. 18) 
the important clue is that the frames were stopped 
off. These features were not mentioned in the 
surveyor’s reports, the value of which would 
have been greatly enhanced by this information. 


Most of the cases mentioned in the paper 
concern dry cargo ships. It is to be hoped that, 
acting on the President’s excellent suggestion, 
other contributors to this discussion will bring 
forward other cases, including tankers, from their 
experience. 


MR. F. B. LAST. 


I should like to express my appreciation of 
Mr. Nell’s excellent paper in which he has given 
several interesting and well illustrated examples 
of recurring damage. 


On pages 1 & 2 under the heading “VESSEL 
A” we have an example of damage to the bottom 
forward and framing locally in way of a discon- 
tinuity in the depth of double bottom. It is 
agreed that the best means of avoiding similar 
trouble is for the tank top to rise gradually from 
the lower to the higher level with a suitable 
arrangement of fore and aft girders. 


Regarding the damage to the deck at the hatch 
corners of the same ship I would like to know, if 
possible, whether the deck plating is of riveted or 
welded construction and also the form of local 


strengthening employed at the hatch corners. 
The square hatch corners indicated in the sketch 
constitute a sharp change of section and therefore 
a potential source of fractures. It seems to me 
that the best solution is for hatchways in strength 
decks to have radiused corners with suitable 
doublings or local thick insert plates fitted to the 
deck in way. 


In Figure 4, the fractures in the deckhouse side 
plating at the ends of the short girder are hardly 
surprising since the girder appears to end abruptly 
on plating probably about 30” thick. The 
answer here would seem to be for the girder to 
scarph well past the corners, preferably to an 
adjacent stiffener, with an associated deck 
doubling above. 


In the section dealing with rudder defects I 
agree with the statement that “the turning of the 
rudder should never be dependent on a welded 
connection only.” Where couplings are fab- 
ricated from slabs of material a positive interlock 
should be arranged in addition to welding and 
particular attention paid to the design of the 
coupling so that the torque in the rudder head 
is transmitted well into the body of the rudder 
and not carried by the side plating in way of the 
coupling as there are cases on record where the 
side plating or its welded connection has fractured 
near to the coupling and the rudder thus become 
separated from the rudder head. 


The author recommends the abolition of 
“tongue” welding as a means of connecting 
rudder side plates to plate frames, experience 
having shown this connection to give rise to 
fractures. I think this is correct for not only 


do tongue welds provide an example of “‘locked- 
in” welding but, in assembly of the rudder, 
alignment of the tongues and slots is very difficult 
without enlarging some of the slots unduly. 
Having seen radiographs of such welds, I consider 
that many of the fractures occurring in tongue- 
welded rudder side plates are due to initial cracks 
in the weld (due to the “locked-in” conditions 
referred to above), propagating to the adjacent 
plate. I would therefore suggest that slot 
welding the closing plates to a flat bar backing 
strip attached to the internal webs might provide 
a more trouble-free connection. Alternatively, 
continuous butt welds could be employed (prefer- 
ably machine welded for good penetration) each 
side of the horizontal webs, which would extend 
to and finish flush with the outside surface of the 
side plate. The remainder of the side plates 
should be continuously welded, the rudder being 
tilted during manufacture to give “natural angle” 
welding and reduce undercutting to a minimum. 


Some mention might have been made in this 
section on rudders to the frequent renewals found 
necessary of pintle bushes, this being a source 
of annoyance to owners even in comparatively 
new ships. A recent examination of rudder plans 
has shown that several builders allow an initial 
diametral clearance of }” on ordinary pintle 
bushes and it is felt that this is a contributory 
cause of rapid wear due to resultant vibration 
from the propeller race. A diametral clearance 
of 4” is now recommended. In this connection I 
would quote a table giving the Admiralty 
practice for clearance in rudder bearings of 
various types for comparison with the usual 
Merchant “standards.” 


RUDDER BEARINGS—CLEARANCES (DIAMETRAL) 
(ADMIRALTY PRACTICE) 


Diametral Clearances in Various Bearings (Inches) 


T. of Rudder 
— Bearing on Hull 


1 Spade O10 + -0005 d 
2 With one or two pintles... -010 + -0005 d 


3 With three or more pintles -015 + -001 d 


Gland Bearing 
Pintles Between Gland Between Gland 
and Stock and Stuffing Box 
-0015 d * -060 + -002 d ‘O15 
‘O15 + -001 d 
-O15 + -004 d 


* Inboard bearing in this case. 


Note.—Where lignum vite is used for bushing bearings or pintles the above clearances are increased by ‘020 inches. 
d is the outside diameter of stock or pintle (inches) in way of bearing measured over the liner (if any). 


MR. E. MANSON. 


With regard to cases A and B and the severe 
weather conditions referred to, I would point out 
that severe weather is not a phenomenon peculiar 
to the North Atlantic. 


Mr. Murray has mentioned that ships built to 
Class 100A are eligible to sail any of the seven 
seas and that, of course, includes the North 
Atlantic. 


There is, however, a condition of class implicit 
in the rules, but which is not stated in so many 
words; it is that the vessel be handled in a sea- 
manlike manner at all times. 


Some Masters, forced no doubt by their owners, 
cause ships to be driven into the teeth of a gale 
when their better judgment tells them to ease up. 
Now no Rules can allow for such handling of a 
ship, and, in my opinion, there lies the root cause 
of much heavy weather damage, not in the design. 


Mr. Last put forward most of the queries I 
wished to raise in regard to rudders, but there is 
one other point I would like to ask the author. 
With regard to the rudder arrangement as shown 
in Figures 7 & 8 where the lower part of the coup- 
ling is welded to the rudder mainpiece, are any 
special precautions taken to ensure that a sound 
weld is made? This is a very important weld, 
and I feel some precautions ought to be taken. 


MR. C. D. SNEDDON. 


I would like to make a few remarks which are 
necessarily impromptu as I was not aware this 
paper was to be read tonight until a few minutes 
beforehand. Having examined the sketches and 
listened to the discussion, I would agree in the 
case of rudders of the type illustrated that there 
is a defect in the design, as fracturing at the slot 
welds is quite a normal feature. I would, 
however, suggest that it may be due to excessive 
corrosion of the slot welds, which are usually 
rough surfaces in an area of disturbed water, in 
which condition pitting occurs, followed by rapid 
corrosive action, as is often found at the top of 
sternframe arches. This corrosion could be 
avoided by fitting horizontal doubling strips over 
the slot welds, although the rudder would look 
somewhat unsightly on one side. 


I would agree with the remarks of an earlier 
speaker that proved defects in design should be 
brought to the attention of builders who may be 
quite unaware of a ship’s subsequent history of 
repairs. This may lead to doing Lloyd’s Register 
out of business in the way of fees for damage 
repairs: but nevertheless it is a good suggestion. 


os 


On the question of surveyors including explan- 
atory details about damages on their reports— 
speaking as an outside man, I do not agree with 
this overloading of reports, which we are told 
often contain about 50° more detail than is 
necessary. I feel that the harassed surveyor on 
the job should not be required to supply par- 
ticulars which are already available in the London 
Office, and could be obtained by sending up or 
down stairs for the plans. There appears no 
need for this duplication of information which is 
already to hand. 


MR. H. J. ADAMS. 


The Author is to be congratulated upon his 
choice of paper which is of a type ever welcome in 
the Transactions of our Staff Association. Such 
papers help to correlate the official activities of 
surveyors throughout the different ports and 
notes of weaknesses found and repairs carried 
out help not only repair surveyors at other ports 
but also officers who are dealing with new work 
and with plans. No question can be raised 
regarding the larger part of the paper, dealing as 
it does with questions of fact but one or two 
remarks may be of interest. The case of Vessel 
A is a type of damage not unusual in these days. 
It would be of interest to know if the vessel was 
in ballast or loaded at the time of the casualty 
and also the designed speed of the ship. In these 
times when cargo vessels run to fairly accurate 
schedule, captains are almost compelled to drive 
the vessels at too great a speed in bad weather. 
This, coupled with the higher speeds of which 
many vessels are now capable, induces conditions, 
which were scarcely visualised in the compilation 
of the recently superseded Rules. The require- 
ments for strengthening of the bottom forward 
in the new Rules are no doubt designed to cover 
this. The writer has observed several cases of 
set down forecastle decks also attributable to the 
above causes. The causes as affecting the bottom 
forward are intensified if the vessel is in ballast. 


The suggestions regarding vessel B are fully 
agreed with, in addition it being suggested that, if 
the deckhouse top is riveted to the deckhouse side, 
a double riveted connection should be provided 
in way of the thick plating proposed. 


The criticisms of rudder design appear reason- 
able, but in considerable experience of welded 
tongues I have not come across the fractures 
referred to. 


Referring to vessel E it is certain that consider- 
able working does take place at the forward end, 
and the bracket from the panting stringer should 


always be in line with the corresponding bracket 
in the fore peak. Similar troubles may be 
experienced at the aft bulkhead of No. 1 Hold 
and I have known cases of the bulkhead and shell 
being fractured here at the toes of the bracket. 
The sketch Fig. 14 shows an arrangement at the 
shell considered faulty together with a suggested 
improvement. Fractures in the bulkhead are 
difficult to cure but hollowed brackets reduce the 
liability. These damages lead one to wonder if 
it is advisable and necessary to fit brackets at the 
ends of a panting stringer which is of light 
construction and presumably merely serves to 
tie the frames together and prevent tripping. 
Possibly if these stringers stopped and were 
attached to the frames adjacent to the fore peak 
and No. 1 Hold bulkheads, these two frames 
being fitted with a reverse bar or correspondingly 
increased in size, the omission of the brackets 
would be an advantage. 


In the case of vessel F, I suggest that the 
welded margin is much superior to the flanged 
margin as if leakage occurs at the flange heel it is 
difficult to cure. 


The remarks on Vessel G raise a point which 
applies not only to the case mentioned, the access- 
ibility of caulking edges. There is a curious 
reluctance in shipyards to burn away sufficient 
material to provide ready access for the caulkers. 
In the case quoted a quadrant of at least 2" radius 
may be removed. Other cases which come to 
mind are the cutting short and sniping of free 
ended bulkhead stiffeners to enable a welder 
to produce a good boundry weld, and the reluc- 
tance of burners to remove a reasonably large 
opening to allow for a run of welding where a 
bracket crosses the seam. (Figs. 2A and 3a.) 


I believe Fig. 17 shows fractures attributable to 
knife edge crossings of bulkhead stiffeners to deck. 
It is possible that the altered construction will 
merely result in eventual loose rivets in the 
thwartship seam. It may be that vertical 
brackets to the deck (carried to the first beam) in 
way of the Peak bulkhead stiffeners would cure 
the trouble. 


In the case of pillars landing on the knuckle 
of the tank top, it is most advisable to have a 
built up seating although this, perhaps, produces 
an unwelcome obstruction in the hold. 


In conclusion I should like to tender my thanks 
to the Author for a most interesting and instruc- 
tive paper and would suggest that other repair 
surveyors might well follow suit. 


MR. A. JAMESON. 


Mr. Nell is to be congratulated on his paper, 
which is of great interest not only to the indoor 
and outdoor surveyors but also to builders and 
owners. 


The remarks on p.i. regarding the lack of 
liason between builders and owners will be 
endorsed by most outside surveyors who have 
found that builders are unaware that defects have 
developed in their ships. 


It may be a coincidence but I have often 
noticed that when builders have asserted that in 
their experiencea particular arrangement has been 
satisfactory, it is very often also the cheapest ! 


While heavy weather is the usual “stated” 
cause of damage it is sometimes very difficult 
to imagine. 


The damage to Vessel A was very extensive and 
while the fitting of a ramp would obviate the 
break in continuity, I think that a rearrangement 
of the girdering in the double bottom tank could 
be made which would be satisfactory without 
ramping the inner bottom plating. It would 
seem likely that with such extensive damage to 
framing and shell plating the vessel had been 
driven into the weather. Similar damages to this 
were experienced during the war years when on 
occasion it was not possible for ships in convoy to 
“heave to.” 


With regard to the fracture of the hatch corner 
foundation angles, this might be due to the 
difficulty of obtaining sound welds in butt joints 
of rolled sections. 


The damage in way of recesses in deckhouses 
suffered by Vessel B is quite common and while 
increasing the deckhouse top plating in way 
might obviate this, I would think that a more 
satisfactory solution is to stiffen the recess in 
order to stop the concertina effect which causes 
the fractures. 


Instead of fitting doublings at the corners of the 
trunked hatch it might be effective if the trans- 
verse beam at each end were reinforced. This 
would have the effect of stiffening the relatively 
“floppy” house top plating in way of the more 
rigid trunk. 


Welded rudders are a constant source of trouble 
to all concerned, and with regard to the fractures 
in way of slot welds I think one of the primary 
causes is the fact that the weld surfaces are “un- 
dressed” and corrosion is excessive resulting in 
the failure of the joint and consequently panting 
of the side plating. 
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SKETCH 3A 


Probably the best solution is obtained by 
fitting the rudder side plates intercostal between 
the arms and connected to them by means of Vee 
butt joints above and below the slightly project- 
ing arm plates. 


In the case of Vessel “E”’ this particular damage 
should be overcome by the removal of the 
brackets which even if they do not give rise to 
fractures and leakage of the fore peak bulkhead 
do not serve any useful purpose since the panting 
stringers are primarily panel stiffeners for the 
shell plating. 


The repair of the aft peak bulkhead in Vessel 
“@” would, I think, be improved if instead of 
fitting an angle to the bulkhead a pad piece had 
been used. 


The defects associated with steel hatch covers 
detailed in the paper are of a serious nature, 
although it is thought that they could be readily 
remedied and that they will prove to be more 
satisfactory than the familiar wood covers. 


In conclusion, I should like to thank Mr. Nell 
for having given such a useful paper. 


AUTHOR’S REPLY 


To Mr. Murray. 


It is agreed that discontinuities in the structure 
should be avoided, without respect to the service 
of the vessel. The reason for stressing the 
North Atlantic Service was that most severe 
“heavy weather” damage was encountered on 
vessels engaged on that service. 

With regard to rudder damages, the Sanehadd 
thickness of side plates required under the 
Revised Rules may reduce the incidence of 
fracture. It will be noted, however, that in the 
case quoted the fractures occurred in plates which 
are thicker than would be required even under the 
Revised Rules. 


To Mr. Boyp. 


It is considered by the Author that a surveyor 
should realize the importance of connections, 
and also that he should be able to look after 
details. In cases of doubt reference can always 
be made to a higher authority. 

Whilst many fractures may be due to fatigue, 
it is considered that, in general, the cases quoted 
were examples of bad design. 


To Mr. Last. 


In Vessel A the deck is of normal riveted 
construction with typical hatch corner doublings. 


To Mr. Manson. 
This contribution is covered by the reply to 
Mr. Murray. 


To Mr. SNEDDON. 


Damage to rudder plates in way of slot welds 
may be due to corrosion on account of the rough 


surfaces. As illustrated in the paper, however, 
and regularly encountered in practice, fractures 
also occur in the side plates which do not have 
slot welds. It is, therefore, still the Author’s 
opinion that if flanges were fitted to internal webs 
to provide faying surfaces, the tendency to 
fracture might be reduced. 


To Mr. ApAms. 


The damage to Vessel A was sustained during a 
ballast voyage. The service speed of this vessel 
is about 17 knots. 


The proposal to terminate the planting strin- 
gers at the frame adjacent to the fore peak and 
No. 1 bulkheads, and having a reverse bar on 
these frames would appear to be an improvement 
on current practice. 


Inaccessibility for caulking and welding is a 
constant source of annoyance, even between 
shipyard departments themselves, and it is 
agreed that arrangements such as shown in Figs. 2 
and 3 should be adopted. 


To Mr. JAMESON. 


The proposal to stiffen the recess in deckhouse 
sides would certainly lessen the tendency to 
fracture in such plates. It is thought, however, 
that this stiffening would transmit additional 
stresses to the deckhouse top plating thereby 
merely shifting the danger point. 


The points raised about rudder plating fractures 
and fore peak bulkhead plating fractures are 
covered in the reply to Mr. Sneddon and Mr. 
Adams respectively. 
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BOILER EXPLOSIONS 
By JOHN McAFEE 


of this paper is a misnomer, or at least an 

exaggeration, since boilers of the kind with 
which we are acquainted to-day seldom explode 
in the literal sense. 


L must be admitted first of all that the title 


It is true that the “HERZOGIN CECILIE,” 
which, you may remember, was one of the last 
great sailing vessels, dramatically disassociated 
herself from steam a few years before her 
unhappy end when the donkey boiler rose into 
the morning air of my native city and fell 
through the roof of a building some distance 
away. 


There was also the strange case of the boiler 
in the ss. “KINGSWOOD,” which in January 
1937 left the stokehold with such violence that 
it projected itself rocket-like through the forward 
holds until it came to an unsuitable rest in the 
fore peak tank. 


These tours de force are, however, exceptional 
to-day, and the events chronicled in this paper 
are by comparison unspectacular. They may, 
however, be of interest as a record of the way 
in which defects develop through lack of efficient 
periodical examination, mishandling or bad 
design. 


The source of my information has been those 
lucid and detailed reports issued by the Mer- 
cantile Marine Department of the Board of 
Trade, now the Ministry of Transport, and to 
that source I must make every possible acknow- 
ledgment for the facts and figures which I have 
used. 


It may here be explained how the publication 
of these reports originated. 


The Boiler Explosions Acts of 1882 and 1890 
were passed to “make provision for enquiries” 
with regard to boiler explosions in the United 
Kingdom and on board British merchant vessels. 


The Acts define a boiler as any closed vessel 
used for generating steam or heating water or 
other liquids except for domestic purposes. 


An “explosion” is not defined, but it is laid 
down that when one does occur notice must be 
given to the Board of Trade within twenty-four 
hours by the Owner or, when on board ship, as 
soon as possible by the Master. It may be 
observed that’ even where no personal injuries 
have been sustained this obligation to report the 
facts still stands. 


The Board may then, if thought fit, order one 
of their Surveyors to make what is termed a 
“Preliminary Enquiry,” and if it subsequently 
appears the cireumstances are sufficiently serious 
Commissioners may be appointed to hold a 
“Formal Investigation.” 


One of these Commissioners must be a com- 
petent engineer and one a person of legal 
standing, and the proceedings, involving the 
taking of evidence and examination of the facts, 
are conducted as in a court of law. 


It is further enacted that reports of pre- ‘ 
liminary enquiries or formal investigations are 
to be made publie in such manner as the Board 
may see fit, and the matter was succinetly put 
by the Commissioners at one investigation when 
they remarked: “The means of preventing the 
explosions of boilers has been the result of 
experience, and that experience has often been 
gained by the investigation into the causes which 
have brought about the explosion.” 


These reports, then, deal with installations 
ranging from toffe-making pans and steam 
rollers to the largest power stations and ships. 


A consideration of all these is quite beyond the 
scope of this brief paper, and I have therefore 
selected a period of about sixteen years between 
the two wars and examined all reports dealing 
with marine cases which were published during 
that time in the hope that some comparative 
figures would emerge. 
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Tt will be noted that if the cases which con- 
cern mountings, pipes and fittings, together with 
water hammer incidents, are grouped they repre- 
sent 28-5 per cent of the total and account for 
over 50 per cent of the fatal accidents which 
have occurred. : 


It will be appreciated that the above classifi- 
cation is purely arbitrary and that no hard and 
fast deductions should be drawn from it. For 
example, cases arising with Scotch boilers are 
much more numerous than those with water tube 
boilers, which, of course, is as much as anything 
a reflection of the number of each type in service. 


Further, the question of thoroughness of 
periodical inspection arises, and it is a melancholy 
fact that. in many of the cases cited and where 
loss of life occurred the investigations revealed 
the boilers were not examined by a competent 
Surveyor, if, indeed, they were surveyed at all. 


Reference will be made subsequently to this 
question of survey by a competent person. 


It only remains to offer some remarks on the 
incidents which have occurred. 
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Per- 
No. of ventage Deaths. Injuries. 


SHELLS AND END PLATES OF 
SCOTCH BOILERS. 


It has already been remarked that the term 
“explosion” is not defined in the legal literature 
relating to machinery and perhaps only the com- 
plete failure of a shell plate justifies the use 
of the expression in its fullest sense. 


It is pleasant therefore to relate that only two 
cases of this nature were mentioned—one arising 
from flat wastage adjacent to treble riveted lap 
joints in the original half-inch shell plates of a 
nine feet diameter donkey boiler which had been 
hydraulically tested nineteen months previously 
to 110 lb. per square inch for a working pressure 
of 80 Tb. per square inch; the other case con- 
cerned the failure of the shell bottom of a tug 
boiler which after severe wastage split open for 
full length and was blown through the deck on to 
the adjacent quay. 


Tt may be added here that this boiler, though 
40 years old, and insured, was not examined 
periodically by any competent person. 


This may be the moment to point out that 
the reports contain no evidence in support 
of the popular novelists’ idea that the explosion 
of the boilers is the final dramatic act when a 
vessel sinks. 


At least one case is on record, however, where 
this sequence was reversed, when a piece blew out 
of the shell bottom in the boiler of a trawler, 
pierced the hull and resulted in the vessel sinking. 


Two other instances are mentioned where pieces 
have blown out of shell bottoms in each case 
originally one half-inch thick. Such small boilers 
are usually not accessible for complete internal 
examination and they often have lapped joints 
where flat wastage is difficult to detect. 


Failures of end plates are, as one would expect, 
usually associated with the flanging to furnaces 
or shells and arising from grooving, especially 
where the boilers were fitted with plain furnaces. 


Where the failure of end plates was reported 
due to wastage it is worth noting that this 
occurred more often externally than on the water 
side, probably due to wet ashes or leakage from 
a seam. 


COMBUSTION CHAMBERS, 


As would be expected failures of combustion 
chamber plates are usually recorded as taking 
place in way of the lower parts and in the neigh- 
hourhood of a seam or stay where leakage has 
produced corrosion on the fire side. Stress is 
frequently laid in the reports on the diffienlty 
of detecting, before the aecident, the extent of 
the corrosion without a drill test owing to the 
flat nature of the wastage. In one ease a piece 
blew out of a combustion chamber back plate a 
few weeks after the boiler had been examined 
and tested to one and a half times the working 
pressure. Accidents. to boilers shortly after 
hydraulie tests are not an unusual feature of the 
reports, and illustrate the danger of placing too 
much reliance on this as a check of safe working 
condition. 

Five eases are recorded where combustion 
chamber back plates have failed after part re- 
newal with edge and edge butt welds running 
either between the stay holes or through them. 


These failures should, of course, not have 
occurred had the sequence of welding been pro- 
perly effected and our familiar friend the 
locked up stress been treated with respect. 


During the late war I recollect being in the 
vicinity of a coasting vessel the boiler of which, 
still warm, was being filled up with cold water 
from shore after rapid blowing-down and 
cleaning. When half full a loud report was 
heard caused by the splitting in two of a com- 
bustion chamber back plate. The plate failed 
below a horizontal weld made about six months 
previously when the lower part of the plate had 
been completely renewed. The flange had been 
riveted to the wrapper plate and chamber bottom 
before the welding was effected. 


It is fortunate that even where wastage is 
extensive the actual failure of the plating is 
usually confined to a small area, and there is only 
one case in the records where a true explosion 
took place, when a combustion chamber bottom 
wasted to 4 in} in. thick blew in and killed 
four men. 

Considering how frequently one notes rivets 
wasted on the water side in combustion chamber 
seams it was surprising to find only one record 
of an accident due to a rivet being blown out of 
its hole. 


In most of these cases the boilers were from 
twenty-four to thirty years old, but, in general, 
age cannot be taken as a pointer in boiler acci- 


dents, as features such as condition of feed water 
or leakage at seams may produce failures at an 
early date. 


Combustion chamber plates fail more fre- 
quently due to corrosion on the fire side than on 
the water side and the cause of this is usually 
leakage at seams. 


Most of the incidents recorded took place on 
trawlers and coasters having only one boiler, so 
that the vessel was disabled, and in unfavourable 
circumstances might have been totally lost. 


FURNACES. 


(Accidents to these arising from scale and 
water shortness are referred to separately.) 


In general, most cases under this heading have 
arisen due to grooving at furnace necks and 
usually where the non-corrugated type of furnace 
was fitted. This defect appears more commonly 
in lower furnaces, especially on coal-burning 
vessels where the service conditions entailed lying 
frequently under banked fires. 


The case history of a boiler as sometimes pro- 
duced at enquiries often records repeated trouble 
at one spot, pointing to bad design. This is 
particularly true of. grooving and suggests exces- 
sive stiffness. A comparison might be made with 
Lancashire boilers, where provision is usually 
made for “breathing” of end plates in way of 
furnaces. 


The older non-withdrawable design where the 
furnace bottom is lapped on to the combustion 
chamber bottom is also a frequent offender 
arising from wastage on the fire side due to 
leakage from the seam. 


The number of accidents due to studs for 
bridge plates, zine plate attachments, &e., blowing 
out is remarkably small. 


A few eases are recorded where the longitudinal 
weld of the furnaces had opened out over a short 
length, but this is a comparatively rare hap- 
pening. 


SCREWED STAYS. 


The accidents most frequently noted fall into 
two classes—those in which an annular ring was 
blown in after corrosion round the neck of the 
stay and those in which the broken end of a stay 
was foreed out of the plate due to wastage of the 
thread. 


The most serious incident reported serves to 
remind us of the folly in the indiscriminate use 
of welding to stop leakage in stays of either 
the screwed or tubular type. In this ease the 
combustion chamber back plate stays which, with 
the exception of the marginal rows, were riveted 
over, had given trouble by leaking for the 
previous three years. Presumably caulking had 
been ineffective in stopping this, thus indicating 
corrosion, and a remedy was sought from time 
to time by welding over the stay ends. ‘This, 
of course, effectively stopped the leakage, but also 
effectively disguised the condition of the stays, 
so that when several broke inside the plate and 
behind the weld there was no outward sign to 
give warning. The additional load thrown on 
adjacent stays was cumulative in effect until the 
supporting power on the plate was so weakened 
that it was forced in. As a secondary effect the 
back end plate of the boiler was buckled, dis- 
torting the lower manhole and causing a rush 
of steam and water into the engine room, as a 
result of which one man almost lost his life. 


TUBES. 


Leakage in. the body or at the ends of tubes 
in Scotch boilers is such an everyday occurrence 
that, of course, only cases of importance would 
be officially reported. The failure of a single 
‘ tube may, however, have most serious conse- 
quences, as shown by the record of a trawler 
fitted with one boiler only which in this way lost 
steam and, before a stopper could be fitted, was 
driven ashore and became a total loss. 


Cireular No. 1728, published in May, 1938, 
requires particular attention to be given to tube 
stoppers in view of an accident involving the 
loss of three lives. + 


Before that incident occurred there had already 
been during the years immediately preceding 
five similar cases of failure of tube stoppers, in 
each of which a man was seriously injured. 


A ease has also arisen out of the welding of 
stay tube ends to stop leakage, with results 
similar to those already described when this 
mistaken remedy was applied to screwed stays. 


WATER TUBE BOILERS. 


In the period reviewed only six reports deal 
with water tube boilers, and these are all econ- 


cerned with burst tubes caused by corrosion or 


overheating with the exception of one case where 
a plug previously fitted to a defective tube blew 
out and killed a fireman. 


No doubt during that time many more incidents 
oceurred, but the mere failure of a single tube 
would probably not be regarded in most instances 
as warranting any official action. 


The cases reported, however, involved loss of 
life or else were of sufficient extent to east doubt 
on the standard of maintenance of the instal- 
lation. 


Tt is of interest that they all took place in the 
years shortly after the first world war, when the 
importance in such installations of the purity of 
feed water for avoiding pitting or overheating 
due to scale formation and the necessity for a 
more competent engine room staff for water tube 
boilers were not appreciated as they are to-day. 


For example, the enquiry in 1927 into a tube 
failure involving the loss of two lives on a vessel 
equipped with boilers working at 575 lb. per 
square inch revealed that these were fed with 
shore water, the only treatment—if treatment it 
could be called—being a weekly addition of lime 
to the feed tank. 


One report makes the interesting point that 
when scale causes overheating and failure of a 
tube the sequence of events probably takes place 
in two stages. First, the scale forms and the 
tube overheats and blisters, thus loosening the 
seale, which is carried away and tthe tube wall 
returns to normal temperature. The blister, 
however, forms a fresh trap for scale until 
rupture takes place. 


Over twenty years have elapsed since the 
failures here mentioned took place. During this 
time a vast literature has arisen dealing with the 
optimum thickness of water tubes and the choice 
of materials; the mechanics of scab pitting and 
the theory of differential aeration have been pro- 
pounded, whilst the modern water tube boiler 
room now contains a miniature chemist’s shop 
in one corner with a qualified dispenser. In this 
way the water tube should disappear from the list 
of items coming under investigation by virtue 
of the Boiler Explosions Acts. 


VERTICAL BOILERS. 

Only eight cases were noted involving two 
collapsed uptakes, two ruptured shell plates, 
two loeal bursts at shell bottom, a wasted 
water tube and one rather strange incident 


where the back tube plate of a Cochran 
boiler was forced outwards and three men 
were killed. This case proceeded to a 
Formal Investigation, which revealed that the 
boiler was only seven years old and in good 
condition at the time of the explosion with no 
evidence of water shortage. The Commissioners 
found that the plate and stay tube ends had 
been overheated due to forcing the boiler when 
an excessive supply of steam was required for 
winches. It appeared that burner tips were in 
use giving a discharge of 63 per cent above the 
boiler rating. 

The variety of incidents shows, at least, that the 
vertical boiler is capable of anything. 


MANHOLES. 


It will be observed that leakage at manholes 
has occasioned more enquiries than any other 
single item and that the circumstances are often 
accompanied by fatal injuries to personnel. 

' The cause of these failures, which in all cases 
concern lower manholes, was sometimes an im- 
properly fitted joint or else the lack of plane 
surfaces at the jointing faces, but the vast 
majority were due to excessive side clearance 
between the flanged spigot and the recess in the 
door, and this emphasises the necessity for main- 
taining these fittings so that the standard 
clearance of ys inch all round is adhered to as 
closely as practicable. 

Considering how easily the clearance can be 
checked, and the ease with which wasted surfaces 
can be built up by electric welding, the number 
of accidents of this nature is surprisingly large. 

The MeNeil door and the flat plate type appear 
equally susceptible to this defect, which is initiated 
by slight leakage hastening corrosion and often 
accelerated by the proximity of wet ashes. When 
there is only one boiler the blowing out of a 
manhole joint can usually be expected to disable 
the vessel, though it must be added that failures 
generally take place when steam is being raised 
subsequent to refastening the door. In one 
instance of this nature the safety valves were 
actually being adjusted after survey when the 
joint failed and a fireman was killed. 


BOILER MOUNTINGS AND ATTACHMENTS. 
(Exeluding failures of stop valves attributable 
to conditions in the steam piping.) 
Of the twenty-five cases recorded under this 
heading nine were due to wastage of studs or 
other screwed connections to the boiler. This is 


a modest figure considering how many boiler- 
makers restrict effective examination by fitting 
lagging and cleading closely around the necks of 
mountings. Sometimes it is the air casings which 
conceal the view so that the condition of the 
attachments could be determined only by large- 
scale dismantling. ‘The screwed or bolted con- 
nections of pressure fittings to boilers should be 
readily visible, not only for detecting corrosion, 
but to sound for grain growth and brittleness 
(often erroneously called erystallisation) which 
takes place in mild steel bolts and studs after 
some years when stressed at temperatures of 
400° F. or even less. Brass or bronze fittings 
appear to have the same characteristics. 


Whether the deficiency is due to ageing or 
wastage there may, for the unwary, be no imme- 
diate sign. For example, in one case where a 
safety valve chest was blown off due to defective 
studs the report stated that there could have been 
no external evidence beforehand. The most 
suspicious cireumstance was probably the fact 
that the boiler had been in service for fifty-six 
years. 


The subject of studs and bolts cannot be closed 
without referring to the accidents which have 
oceurred due to the blowing out of screwed plugs 
fitted to drains or test holes and which would have 
been avoided by the elementary precaution of 
fitting a tap bolt with the head inside. 


In general the design of mountings is not called 
in question, but some accidents have arisen due 
to plugs being forced out of cocks where the 
plug was held in place not by a cover, but only 
by the gland. In one of these eases the gland 
studs in a water gauge cock were only % inch 
diameter, leaving no margin of safety for 
corrosion or resistance to stressing when 
tightening the packing, and as a result the plug 
was forced out and killed the fireman. 


Having included under other headings those 
failures of steam stop valves which appear to 
be due to the arrangement of steam pipes or 
the effects of water hammer, it can only be said 
that the remaining accidents noted with boiler 
mountings are of too varied a nature for elassi- 
fication. Sometimes the fault has been original 
sin, as when the fracture has revealed unequal 
thickness of metal due to a shift of core in the 
castings; sometimes age or inattention has been 
the cause. The latter is most in evidence with 
copper gauge glass pipes and hollow east iron 
gauge glass stands. 


Two accidents arose from the stripping of the 
threads in the bridge nuts of stop valves. In 
one of these the steam pipe was unfortunately 
disconnected at the time and a man was killed. 
This incident brings to the imagination the possi- 
bilities when entering a boiler for survey which 
may be isolated from an adjacent boiler under 
steam pressure by only a single main stop valve. 
It was under such conditions that one, who may 
read these lines, was severely scalded, and his 
views on the matter will be of more forceful 
interest than mine. It is a regulation in the 
Royal Navy that in such circumstances the steam 
lines must be fitted with blank flanges. Auxiliary 
stop valves and the main stop valves on water 
tube boilers are, of course, usually of non-return 


type. 


STEAM PIPES, STOP VALVES AND 
BRANCHES. 

(Excluding cases arising from water hammer.) 

Out of twenty-six cases noted the following 

points emerge :— 

No failures of steel pipes; 

No failures of steel valves or branches; 

All failures of cast iron valves or branches 
took place where the steam pipes were made 
of steel; 

Copper pipes usually fail near a flange and 
more often at ends attached to engine stop 
valves ; 


Failure is more often due to stresses set up 
by expansion, racking or vibration than to 
defective material or insufficient scantlings. 


The arrangement of auxiliary steam lines shown 
in Fig. 1, which failed in 1928 with loss of two 
lives, is typical. 

The expansion of the straight length of steel 
piping from the engine room acting through the 
short stiff steel bend fractured the cast iron tee 
piece. 

After the explosion it appears the cast iron 
tee piece was replaced by one of brass and a 
short copper bend was substituted for the one 
previously made of steel. This, no doubt, was all 
to the good, but it would have been an advantage 
to redesign the straight length of piping with 
adequate bends for expansion. 

It was common practice at one time to provide 
for expansion by fitting stuffing boxes and glands 
to the ends of straight lengths of piping. This 
was very good in theory, but in practice the 
arrangements often became immovable due to 


misalignment, rust or the load on the gland 
necessary for steam tightness, with the result 
that the connected pipes became rigid lengths. 


Such arrangements were fitted on board a vessel 
having eight boilers, two abreast with .8-inch 
straight steel main steam lines running fore and 
aft on each side, connected by short branches 
to cast iron stop valves. The ineffectiveness of 
the expansion glands caused one of the stop 
valves to fracture at the neck with disastrous 
results. The valve was subsequently found to 
have been of sound construction with metal 

4 inch thick. 


These cases illustrate briefly the general type 
of failure noted where iron castings were asso- 
ciated with improperly arranged steel or iron 
pipes. 

The best modern practice is, of course, to 
provide for expansion by adequate bends and 
sometimes corrugated bends» The pipes in turn 
are made short by a calculated amount depending 
on length and steam temperature. When the 
flange bolts are tightened this induces a “eold 
draw” strain equal to about half the calculated 
expansion of the length. 


Perhaps more important still is the present 
requirement of the Society’s Rules whereby 
boiler mountings and fittings on steam lines for 
pressures over 150 lb. per square inch or 
temperatures exceeding 425° F. must be made 
of steel or approved material. This should be 
the means of avoiding a recurrence of many 
disastrous accidents which have arisen not only 
from the conditions noted here but also on 
account of water hammer. 


When we turn to the records of failures of 
installations having copper pipes it is the pipe 
itself which suffered and, as already remarked, 
this usually occurred at the end connected to 
the engine stop valve. Where this happened 
the arrangement, where a single boiler was fitted, 
was in simple form as in Fig. 2, so that the 
expansion of the longer arm induced bending 
of the pipe at the back of the flange at the 
engine stop valve. 


In several multi-boiler installations of which 
Fig. 3 is typical, both wing pipes have failed 
at the flanges, probably owing to the greater 
amount of expansion and racking compared with 
the centre pipe, which gave no trouble. 


In the above eases the stresses were often in- 
ereased by prolonged working in heavy weather. 


Some failures, however, cannot be explained so 
easily as the foregoing. For example, the 
arrangement shown in Fig. 4 appears well de- 
signed, yet “A” failed on the 21st August, “B” 
on the 6th September and “C” on the 11th 
November. These pipes, which were solid drawn 
5 inch diameter and 6 gauge thick, had been 
annealed and tested to double the working 
pressure a few months previously and the bends 
appear to have provided ample flexibility. The 
report states :— 

“Heavy weather encountered caused main 
engine to race and set up vibrations in the 
steam pipes, which probably fatigued the 
material of the pipes to such extent that they 
failed.” 

Seven cases in all of failure of copper pipes 
were noted as having taken place during heavy 
weather when the engines were racing and 
vibrating. 

After examination of a number of these cases 
involving failure of copper pipes it would seem 
to be generally true that short pipes give trouble 
when not provided with an adequate bend, whilst 
relatively long pipes such as those connecting 
wing boilers to intermediate stops may still give 
trouble even though the bends appear adequate, 
due apparently to insufficient support or vibra- 
tion. 


Copper is a very useful material in certain 
respects, such as the ease with which it can be 
rolled, bent and brazed, plus its resistance to 
corrosion. Unfortunately, however, its tensile 
strength drops rapidly with rise of temperature 
and at 400° F. is about 20 per cent less than 
normal, whilst its ductility in that region reaches 
its lowest value, and it has poor resistance to 
fatigue stressing. 

More than one accident has been due to faulty 
brazing of flanges to copper types. By counter- 
sinking the bore the brazing should extend for 
almost the full length of flange. This is so 
elementary that it is tragie to think than an 
enquiry after loss of life has revealed only a 
ring of brazing at the back of a flange after 
the pipe had pulled out. 

Another dangerous practice, as the records 
reveal, is the joining of copper pipes by inserting 
the end of one into the expanded end of the 
next length, with brazing at the overlap. Apart 
from the fact that the brazing may be ineffective, 
the metal at the expanded end is probably unduly 
thin. 


It is a sobering thought that in a number of 
accidents involving copper pipes the subsequent 
enquiry revealed that an hydraulie test had been 
made not long beforehand and after annealing 
of the material. 


WATER SHORTAGE, 


Of all boiler accidents those which have clearly 
arisen from shortage of water present the most 
difficulty in arriving at the facts. 


At an enquiry the verbal evidence is frequently 
conflicting, due to the efforts of those present 
at the time of the incident to extricate. them- 
selves from blame and to prove their complete 
familiarity with the ritual of the “double blow- 
through” which is so dear to the examiners 
for certificates of competency and, one may add 
after perusal of these reports, rightly so. 


I have amongst my old records of things seen 
and heard a copy of an illuminating document 
brought to my attention a few years ago. It 
reads exactly as follows except for the names :— 


“On August 6th, approaching Bangor Roads, 
J.T., 4th Engineer, was down below in Engine 
Room to take over watch from G.D., 2nd 
Engineer. G.D., 2nd Engineer, told J.T. that 
there was no water in the Starboard Boiler 
and no water was showing in the glass. J.T. 
tried the pump to force water into this boiler, 
but after 20 mnts. he failed to have anything 
showing in the gauge. 

“G.D., 2nd Engineer, was the whole of this 
time in Engine Room, and J.T. suggested to 
2nd Engineer to draw all fires from this boiler. 


“G.D., 2nd Engineer, told J.T. to the effect 
that it does not matter, let it go. 


“After Chief Engineer was informed that 
the Engines could not be started, steam being 
too far down, also furnace crown was down by 
this time. 

“Signed J.T., 4th Engr. 
“R.R.M., Chief Engr. 

“As reported to :— Master.” 

The mental process which led to the decision 
to “let it go” baffles analysis, but the condition 
of the furnaces was beyond doubt. 

The danger to personnel arising from water 
shortage does not appear to be great—perhaps 
our second engineer knew this—but the boiler, 
unless of the water tube type, usually suffers 
considerably. | Under strong fires the tops of 


combustion chambers and tube plates become 
overheated and are usually forced in over stays, 
but under light fires no damage may be sustained 
until the furnaces are uncovered. 


Of a total of thirty accidents noted and attri- 
buted to water shortness, thirteen were due, 
beyond reasonable doubt, to a faulty indication 
by the single gauge glass fitted. No clear 
explanation could be found in ten other cases, 
whilst the remainder were attributable to a 
veriety of causes such as failure to open stop 
cocks or similar examples of negligence. Only 
two of the cases involved water tube boilers, these 
having, as normally, two gauge glasses, and in 
each of these inattention on the part of the staff 
appeared to be the explanation. One is left 
with the impression that the majority of the 
remaining eases involving boilers of other than 
water tube type would not have occurred had 
two gauge glasses been fitted. 


There was no record in any report of the test 
cocks having been tried. It is unlikely, however, 
that use would be made of these before (a) water 
had disappeared from the glass, (b) the engineer 
was satisfied the feed system was in order and 
(c) he had further come to the conclusion that 
the gauge glass connections were choked. ~ 


By the time these matters had been decided 
and a suitable spanner or piece of tubing 
obtained in order to lever open the test cocks— 
which may or may not be in working order (the 
latter is more likely)—it is probable the interval 
would have been used to more advantage by 
drawing the fires. 


Even assuming a competent engineer to have 
decided in good time that a gauge glass was 
choked, it is unlikely—granted his competency— 
that he would continue to steam the boiler relying 
on. the test cocks as a safe check on water level, 
whilst the fittings or pipes were removed, cleaned 
and refitted. Apart from the above factors, 
the particulars show that in a number of cases 
the test cocks were attached to the water gauge 
column, probably on account of the difficulty in 
locating these in an otherwise accessible position 
due to smoke boxes or air casings. This arrange- 
ment resuted in both gauge glass and cocks 
becoming unserviceable when a connecting pipe 
from column to boiler was choked. 


Gauge glass fittings are often supplied by pro- 
prietary firms, and many makers incorporate 
automatic means for shutting off in the event of 
the glass breaking. The lower fitting for this 


purpose usually consists of a ball which normally 
lies at the bottom of the mounting and rises only 
against the outlet to the glass when carried 
forward by an excessive rush of water; i.e., it 
does not hinder a normal test blow-through. 
The top fitting, on the other hand, is often 
a valve which rests permanently on its seat 
owing to its vertical position and is lifted by 
hand only when fitting a new glass. This valve 
has a central hole about + inch diameter for 
passage of steam, so that it does not act as a 
cut-off, but merely restricts at all times the flow 
of steam. It is difficult to see what useful 
function this serves. 

It is a tribute to the sagacity of engineers that 
when these fittings are being overhauled if is 
usually found the top valve has been removed. 

One maker fits a top valve of flat face type 
kept open by a spring sufficiently strong to 
resist a test blow-through but which closes with 
the sudden rush of steam when a glass breaks. 


The ball device at the bottom lying clear of 
the normal flow is a reasonable fitting, but one 
feels that these other arrangements at the top 
of the glass, forming, as they do, traps for dirt, 
would be better dispensed with. In point of fact 
such fittings are frowned upon by the Ministry 
of Transport. 


Another undesirable feature frequently ob- 
served concerns the rods fitted for operating the 
test cocks from a distance, whereby both the 
steam and water test cocks are coupled together. 
Such an arrangement, of course, does not permit 
a “double blow-through.” 

To sum up, one feels that no boiler survey 
should be considered complete until the efficient 
condition of the water gauge glass is assured. 


SCALE. 

Whilst only eight cases coming under this 
heading appear in the records, there must have 
been a number of instances, particularly of 
bulged furnaces, during the period under review 
which have not been dignified by an examination 
under the Acts. An investigation would pro- 
bably not be held unless the plating actually 
failed, and anyone who has seen a furnace 
collapsed on to the firebars or bulged locally like 
a buneh of grapes hanging from the crown must 
have been impressed by the ability of the material 
to withstand deformity without rupture. 

In fact, of the eight eases mentioned, only two 
refer to ruptured furnaces, the remainder con- 
cerning combustion chamber plates or tubes. 


Seale in this context may be either salt deposits 
or oil, and of the two the latter is much the 
more dangerous owing fo its greater insulating 
properties. 

One case of this nature arose from the use of 
a feed pump connected also to the bilges so 
that oily water found its way into the boiler. 
If oil is suspected as a cause of damage it may 
be difficult to prove, since overheating of the 
plate to which it is adhering and the final bulging 
will cause it to be released and disappear when 
the boiler is blown down for examination. 


Traces of it may, however, be found on the 
undersides of stays and at water level: 


A strange case occurred some years ago on 
board a vessel which on a return voyage from 
South Africa developed a leak in the main con- 
denser. This caused the density of the boiler 
water to rise from 9} ozs. per gallon leaving 
Cape Town to 14% ozs. on the day of the incident 
when off Brest. During this time leakage of 
tubes in a combustion chamber of the port boiler 
caused the back end to fill with salt to the level 
of the fire bridge. Additional leakage into the 
centre of this mass from defective rivets in the 
combustion chamber bottom maintained.a cavity 
containing water which gradually became sealed 
as the upper layers solidified. Finally a chamber 
was formed which burst with such violence that 
firebars and burning coal were hurled into the 
stokehold, killing one fireman and injuring two 
others. No part of the boiler itself failed, and 
it continued to hold its water level and steam 
until arrival in port. 

Since scale and feed water are so closely 
related, it is tempting at this point to digress 
to feed water treatment, but that is another story. 
It would be gratifying, however, if some observer 
from a trawler port would describe how the 
boilers of these craft are maintained, apparently 
in defiance of the pundits. 


This thought was foreed on me when a number 
of trawlers were being restored to their peace- 
time pursuits after the war, and the boilers 
were found in noticeably good condition for their 
age, apart perhaps from the tubes. 

To my surprise, however, the superintendent, 
when asked of the whereabouts of the reserve 
feed tank, merely smiled and made an expansive 
gesture towards the Atlantic Ocean, adding that 
it was cheaper to retube every five or six years 
than to carry feed water instead of fish. They 
did at least carry a supply of common soda. 


WATER HAMMER. 

It is commonly thought that water hammer in 
steam lines is caused by the admission of steam 
to a pipe which has not been properly drained 
and that if an explosion occurs this is due to 
the rush of steam carrying the water along with 
sufficient momentum to fracture the pipe or 
fitting which happens to impede the flow. 


In a recently published textbook dealing with 
steam lines the author attributes the trouble to 
water collecting in dips, and says :— 


“The steam will be flowing over the low 
point at, say, 120 feet per second, or 90 miles 
per hour. This velocity causes ripples on the 
water; the steam passage will be restricted; 
finally the whole pocket of water is picked up 
by the steam and carried forward in a solid 
column at 90 miles per hour to some point 
down the line where there may be a change of 
direction. The water is brought to a sudden 
halt at this point and the energy which it has 
by virtue of its movement is suddenly con- 
verted into pressure energy.” 


This simple theory of water hammer in no way 
explains some of the disastrous explosions which 
have occurred. 


The following three cases have arisen in vessels 
having three main boilers placed abreast, with 
main steam pipes arranged as sketched in Fig. 5, 
and it may be noted the pipes from the wing 
boilers were practically level. The steam pipes 
were of steel or iron about 5 in. diameter and 
drain cocks were fitted at the cast iron boiler 
stops and intermediate stop valve. 


Case 1. 

The vessel had been lying at anchor for two 
days with the port boiler shut down and the 
starboard and centre boilers steaming with the 
main stops open. The port stop valve burst 
without warning at a time when no operation 
was being performed affecting the main steam 
lines. Examination afterwards revealed a sound, 
strong casting which the records showed had been 
tested three and a half years previously to 
400 Ib. per square inch. ‘The vessel possibly 
had a slight list to port, and may have oscillated 
slightly with the wind or current. 


CASE 2. 
The vessel was at sea and rolling in heavy 


weather with the port and centre boilers steaming. 
The starboard main stop burst after a heavy roll. 


CasE 3. 


In this instance the arrangement differed from 
the sketch only in that the line from each boiler 
had a slight fall forward from the junction piece 
to the stop valves. The vessel was at sea with 
the centre and starboard boilers steaming. The 
port boiler had been shut down for two and a 
half days. When rolling slightly the port stop 
valve suddenly cracked. 

CASE 4. 

This differs only slightly from the foregoing 
in the arrangement of pipes and valves which is 
shown in Fig. 6. The vessel was in port with 
the centre and starboard stops and _ isolating 
valves open and port valves shut. Coal was 
being loaded with continual alteration of vessel’s 
list, which was apparently to port shortly before 
the explosion when the port isolation valve 
burst. 

CASE 5. 

This case concerned an auxiliary steam line 
arranged as in Fig. 7. 

The port forward boiler had not been in use 
for some time. On leaving port the remaining 
four boilers were coupled up on their main and 
auxiliary stops. The vessel immediately ran into 
bad weather, rolling heavily for half an hour 
before the explosion occured, when the auxiliary 
stop valve on the port forward boiler burst and 
two men were killed. As the dip from the 
forward Y piece to the port forward valve which 
failed was so slight that a roll of 5° to starboard 
would break the water seal, and as the ship 
eventually rolled to 10°-15° before the explosion 
oceurred, it seems probable that water was also 
lying in the connection to the starboard forward 
boiler due to the auxiliary stop valve on it being 
of non-return type and not open owing to 
pressure drop in the line. This illustrates a 
fresh possibility of water hammer due to the 
existance of “a dead end” even though the valve 
spindle is serewed back. 


It is obvious from these instances that the 
simple theory of water hammer does not give 
a satisfactory explanation, as in each case there 
was no flow of steam towards the valve which 
burst. 

The following cases illustrate the same pheno- 
menon. 


CasE 6. 
The auxiliary steam line on this vessel was 
arranged as in Fig. 8. 
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The vessel was in port and steaming on the 
auxiliary range from the starboard forward 
boiler only, but listed to the opposite side for 
about two days. When brought upright and then 
falling slightly to starboard the port stop valve 
burst. 


Case 7. 

This is a simple example involving two boilers 
only and where the auxiliary steam range had a 
slight slope towards the starboard boiler, as in 
Fig. 9. Again the vessel was in port loading 
coal and listed to starboard with the port boiler 
only steaming. On coming upright the starboard 
valve burst. 


The foregoing cases show how frequently 
water hammer conditions may be set up without 
any action on the part of the personnel. 
Further, the combination of circumstances re- 
quired to set up these conditions may not arise 
for a considerable time; for example, one 
incident quoted took place when the installation 
had already been in operation for fifteen years. 
The initial fault in each case lay in an arrange- 
ment of pipes which permitted a dead end con- 
taining cold water of condensation, and the 
resulting disasters could have been obviated only 
by fitting isolating valves or by having a system 
of continuous drainage. The difficulties on ship- 
board are increased by the varying level of the 
vessel. 


It might be thought that some of the foregoing 
incidents would have been avoided had the 
engineers drained the steam lines from time to 
time, but the facts do not support this idea, as 
the following cases may show. 


Case 8. 

This occurred on board the “AQUITANIA” 
when preparations were being made to couple 
a wing boiler to the main steam line. The 
branch pipe from the boiler stop to the line 
had a rise of about 18 inches, and before opening 
the valve the engineer, who was killed, was in 
the act of draining the branch line when the stop 
valve burst. 


CASE 9. 

This case (Fig. 10) illustrates an incident 
similar in effect to opening a drain cock. The 
forward boilers had been shut down for some 
time and the level of pipes was such that water 
would collect at the forward end of the main 
line. 


On blowing the whistle, the steam pipe for 
which was connected to the main line, as shown 
in the sketch, the latter burst on the starboard 
side. 


In this instance the stop valves were of steel 
and pipes of lap-welded wrought iron 6% inch 
diameter and ys inch thick. A subsequent test 
on an undamaged part of the pipe disclosed that 
a pressure of 2,200 ib. per square inch was re- 
quired to burst the weld, a pressure far in excess 
of that which would arise from the arrested 
momentum of water flowing at normal steam 
velocity. 


The foregoing two cases illustrate the danger 
in draining comparatively cold water from lines 
under steam pressure. This is, in fact, one of 
the most frequent causes of water hammer. 


Having dealt with the disturbance set up by 
drainage and given previous examples arising 
from movement of the vessel, it remains to quote 
some typical cases in the third eategory—namely, 
those arising from the admission of steam into 
an undrained pipe. 


Casx 10. 


In this instance the dynamos had been taking 
steam for some time from the auxiliary line, 
the valve “B” being open and “A” shut, as 
shown in Fig. 11, 


Arrangements were being made to change over 
and the drains were first opened at the dynamo 
stop valves on the boilers, and one of these valves 
opened at } turn. This ensured drainage of the 
forward end of the direct dynamo steam line, but, 
owing to the fall aft, water still remained 
forward of valve “A” and under boiler pressure. 
At the after side of valve “A” the pressure from 
the auxiliary line would be something less than 
boiler pressure owing to pressure drop in the 
line. Thus when this valve was opened the cold 
water was forced through, turbulence and water 
hammer resulted and the valve burst. The 
fracture indicated the blow had come from aft. 
After this incident, which killed two men and 
injured six, a drain was fitted forward of “A.” 


Case 11. 

The steam pipe arrangement was here similar 
to Cases 1, 2 and 3, but a drain was not fitted 
at the intermediate stop valve. As the vessel 
was lying in port and trimming aft water was 
lying at the junction piece. 
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The engineer opened the drains at the boiler 
stops and then opened the main stops until 
steam was blowing from these drains. In the 
process of opening the engine stop valve to drain 
aft this valve burst and killed the operator. 


Many similar cases could be quoted, though 
the exact sequence of opening drains or valves 
was often not clear after the event as the 
operator did not live to tell the story. For 
example, a forward auxiliary boiler having a long 
“dead end” was being coupled up to the main 
range when its stop valve burst and five men 
lost their lives. The strange feature of this case 
is that two “incidents” on board had previously 
given warning, yet no action had apparently 
been taken to improve the arrangements. 


The probable conditions in a steam pipe when 
water hammer takes place have been described 
on various occasions and in great detail by sue- 
cessive Engineer Surveyors in Chief to the Board 
of Trade, and there appears to be no doubt that 
the results are due to pressure and vacuum 
effects combined, the vacuum resulting from the 
trapping of a pocket of steam and its almost 
instantaneous condensation by cold water. The 
water is then foreed by the steam pressure 
behind it into the empty space with battering 
ram effect. 


The explosions which have oceurred since then 
give the impression that lives have been needlessly 
lost through failure to appreciate the latent 
danger in many steam pipe arrangements. 


Tt is true that many explosions have been 
directly attributed to carelessness on the part 
of those in charge, but there still remains a large 
number of cases where the installation could have 
been rendered comparatively safe by fitting 
drains or, more often, suitably positioned 
isolating valves to eliminate under all conditions 
of list or trim the dangerous dead end. 


Sixteen years is perhaps not a long time for 
the purpose of assessing boiler accidents, but I 
have tried to demonstrate the tendency noticed, 
even in that period, for the same type of incident 
to reeur on different vessels. Here and there 
a personal opinion has been intruded which may 
stimulate a reply, but the rest is a chronicle of 
facts which shows—sometimes too well—the grave 
responsibility incurred by all whose business is 
with boilers in protecting not only property, but 
human life. 


A FEW COMMENTS ON THE LAW. 


Jt has been observed that the Boiler Explosion 
Acts merely make “provision for enquiries” after 
an explosion has oceurred. As to liability in 
the event of an accident, it is merely enacted 
that the party or parties involved may be called 
upon to bear the cost, or part thereof, of the 
enquiry. 


In practice this amounts to a fine on the 
person or firm whom the Commissioners consider 
culpable, and the custom has been apparently 
to take into consideration not only the degree 
of negligence, but also capacity to pay, and in 
the past costs have been ordered ranging from 
a few pounds to several hundreds. 


So far as boilers on shipboard are concerned, 
there appears to be no statutory obligation to 
have these periodically surveyed. This, of course, 
does not include vessels holding a passenger 
certificate. It is true that the Merchant Shipping 
Act makes it an offence on the part of Owner 
or Master to send or take a ship to sea in an 
unseaworthy condition, but that is not quite the 
same thing as saying that the boiler or boilers 
must be surveyed at definite times. 


In practice, however, the system usually works 
whereby the responsibility is placed on the Owner 
or Manager for ensuring that a marine boiler 
is maintained in safe condition—but not always. 
The following observations were made by the 
Commissioners after a fatal explosion on a 
trawler :— 


“It appears that a vessel of this class— 
a trawler of about 44 gross tonnage—can be 
allowed to proceed to sea in an unseaworthy 
condition and with a boiler absolutely unfit 
for the generation of steam. The. boiler was 
one of extreme age and deteriorated to the 
utmost. There is no record of any qualified 
inspection for years past; it was controlled by 
inexperienced people unversed in the techni- 
calities of boilers. Owing to the ignorance of 
those on board, such a boiler as that which 
forms the subject of the investigation becomes 
a source of danger to those in charge of it. 
The circumstances appear to eall for periodical 
surveys of uninsured ships of this class. Two 
lives were sacrificed absolutely needlessly. 
Such periodical surveys should be held by 


qualified surveyors attached to some corporate 
body or society invested with powers which 
do not at present exist.” 


The position as regards boilers on land is 
covered by the Factories Act, redrafted in 1937, 
and it is interesting to note in comparison with 
marine practice how the requirements have been 
framed. Section 29 of the Act states that :— 


“Every steam boiler and all its fittings and 
attachments shall be thoroughly examined by 
a competent person at least once in every 
period of fourteen months and also after any 
extensive repairs.” 


It is further required the boiler be examined 
in the first place when cold and suitably prepared 
and secondly on the first occasion when steam is 
subsequently raised or as soon as possible there- 
after, when the safety valve is to be adjusted. 
In amplification of this the remarks made by 
the Commissioners after a Formal Investigation 
into an explosion on a land boiler might be 
quoted :— 


“We may summarise what we think is 
desirable by saying that before the boiler is 
set to work, in our judgment, the following 
requirements should be complied with, a com- 
petent person being present :— 


(1) Steam should be raised. 
(2) The water gauges should be tested. 


(3) The steam gauge should be checked 
against the standard gauge. 


(4) The safety valve should be floated and 
set to blow off at the permissible 
working pressure. 


A report on the result of the examination, on 
a prescribed form, must then be made out within 
twenty-eight days and signed by ‘the person 
who has made the examination and also by the 
Chief Engineer or other responsible officer in the 
case of boiler inspecting companies or associa- 
tions. This report is to be attached to the 
Factory’s Register and in addition a copy is to 
be sent to the Factory Inspector for the district 
in all cases where the permissible working 
pressure is reduced or the examination shows that 


the boiler cannot continue to be used with safety 
unless certain repairs are carried out immediately 
or within a specified time, 


A person employed to make a thorough exami- 
nation and failing to do so, or one who makes 
a deficient report or permits any such report 
to be made, may incur a fine not exceeding £50. 


When a new boiler is erected the manufacturer, 
or a boiler inspecting company, must issue a 
certifieate specifying the maximum permissible 
working pressure and stating the nature of the 
tests to which the boiler and its fittings have been 
subjected. 


As to who is a competent person, no definition 
is laid down in the Act, and it would therefore 
be a question of fact for the Court to determine 
in ease of an investigation. 


For example, the Commissioners at a Formal 
Investigation some years ago, following a serious 
explosion with a land boiler, described the then 
Chief Engineer of a prominent boiler inspecting 
association as being incompetent to carry out 
his duties for, though possessed of high academic 
qualifications, it was admitted he knew little or 
nothing of the technicalities of boilers. 


However, if the Chief Faetory Inspector is not 
satisfied in any particular case he may require 
the boiler to be re-examined by a surveyor of his 
own nomination, though it would seem that the 
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inspector will not normallly be familiar with the 
qualifications of the “competent person” unless 
he happens to have his attention drawn to the 
matter. 


To complete the story, it remains to give the 
list of those boiler fittings required by the 
Factories Act, which is stated as follows :— 


A suitable safety valve. 
A suitable stop valve. 


A steam pressure gauge with the maxi- 
mum permissible working pressure 
distinctly marked in red. 


(4) At least one water gauge which, if of 
the glass tubular type and the working 
pressure exceeds 40 Ib. per square 
inch, is to be provided with an efficient 


guard. 
A plate bearing a distinctive number. 
Means for attaching a pressure gauge. 


Unless externally fired, a suitable fusible 
plug or an efficient low-water alarm 
device. 


Fusible plugs may more often be an embar- 
rassment than a safeguard, but it will be noted 
at least that the persons who framed the Factories 
Act had apparently no faith in test cocks. 
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DISCUSSION ON MR. J. McAFEE’S PAPER 


on 


BOILER EXPLOSIONS 


MR. G. O. WATSON. 

The point which I wish to raise is perhaps a 
little outside the scope of the paper, but I am 
tempted to introduce it because of the statement 
on page one of Mr. MeAfee’s excellent paper 
to the effeet that the Acts define a boiler as any 
closed vessel used among other things for heating 
water or other liquids, and the other liquid which 
is involved in my ease is that of oil. 


He further states that even where no 
personal injuries have been sustained the 
obligation to report to the Board of Trade still 
stands, and I wonder to what extent this 
appreciated by those concerned, as I feel quite 
certain the occurrence I have in mind and other 
similar occurrences are never reported. 


is 


In connection with oil purifiers it is common 
an electric heater, and a case was 
drawn to our attention recently where one of 
these oil heaters suddenly burst — open, 
discharging the contents over the greaser, who 
sustained considerable burns. The heater was 
supplied by one of the best known makers 
is constructed of 4 in. steel plates welded to form 


practice to use 


and 


a box 24 in. by 13 in. by 7} in. deep. The 
heaters are rated at 15 kW 220 volts and the 
normal oil pressure is 10lbs per sq. in. The 


chamber was tested during manufacture to the 
customary 30Ibs per sq. in. and the relief valve 
was set to operate at l5lbs. It seems that at 
the commencement of the operation preceding 
the explosion there was undoubtedly a clear flow 
of oil through the heater into the purifier, and 
the only explanation that has been offered so 
far is that there was an interruption to the free 
flow of oil through the heater. This could be 
brought about by a temporary failure of the 
pump or a shortage of oil in the reservoir from 
which the oil was drawn. Whatever the cause 
of oil shortage, it is evident that the oil beeame 
overheated to the extent of producing vapour 
which finally resulted in the explosion. It is 
evident that the relief valve failed to funetion 
under these conditions. 


When electric heating is employed for any 
purpose the temperature in the vieinity of the 


clement will go on rising until the heat input 
per second is balanced by an equivalent rate of 
heat dissipation per second. It is, therefore, 
necessary in oil heaters of this type to fit either 
a thermostatic control or to ensure that the 
elements cannot be switched on and, conversely, 
must be switched off unless there a 
predetermined minimum rate of flow 
through the heater. 


is 


of oil 


As a result of this incident the whole question’ 
of electric oil heaters at present under 
investigation to decide whether it is necessary 
to introduce into the Rules requirements which 
will automatically prevent such occurrences. 


It will be interesting to know if other 
colleagues have experienced similar accidents. 


is 


MR. A. H. BOYLE. 


I would like to thank Mr. MeAfee for his 
interesting paper on a subject which, as 
Surveyors, it is one of our principal duties to 
try and prevent but which, in spite of us, 
occasionally happens. 

I would also like to thank Mr. Knowles for the 
precise summary of the paper he has read to us 
in the absence of the Author. 

It is stated that an “explosion” is not defined 
in the Boiler Explosions Acts, but I think it will 
he agreed that when any sudden eseape of 
steam takes place the incident comes under the 
The sentence I have 
used, “sudden escape of steam,” brings to my 
mind an incident which oceurred in a ship in 
which I was serving at the time. 


category of an explosion. 


“ 


It was a destroyer with five Yarrow type 
water tube boilers, and the fact of there being 
five instead of the more usual three led to the 
instructions being issued that no time would be 
allowed in harbour during wartime for boiler 
cleaning, and that the ship’s staff should clean 


one boiler at a time at sea. This system, of 
course, entailed breaking the regulations 
regarding a double shut-off when men were 


inside the boiler, but the risk had to be taken, 
and I am not aware of any very serious accident 
having occurred on account of this. 


SS 


The incident which occurred, however, was 
alarming enough, especially to the three men 
involved. It appears that without any 
warning there was a sudden gush of steam from 
the main and only stop valve on the boiler which 
filled the drum with steam and then, as 
suddenly, stopped. The men managed to get 
out of the steam drum with only minor sealds, 
but very shaken, as can be imagined. 


The stop valve was subsequently removed from 
the boiler, thoroughly examined and tested, but 
no defects could be found, and the reasons of 
the gush of steam remain obscure as the valve 
was closed and locked. 


Under the heading “Combustion Chambers” 
the Author refers to failure of butt welds after 
part renewal of the back plate either between 
the stay holes or through them. In several such 
cases which have come under my notice, the 
failure has always occurred in eases where the 
weld has been between the stays, and I think 
the method of making the weld through the 
stay holes is a better one. 


The Author’s remarks on arrangements of 
steam pipe in relation to expansion and possible 
water hammer action are well worth noting and 
remembering. 


I would now like to hear some of my junior 
colleagues give us their views on this subject. 


MR. E. L. KNOWLES. 


Mr. MeAfee’s paper on “Boiler Explosions” 
is excellent for the information contained 
therein and also provides very interesting 
reading on account of its style. 


On the subject of failure of boiler end plates, 
I made a practice—after having learnt about 
“flanging allowance” and “stand-out”—to note 
the design whenever I found grooving to be 
present. In the great majority of such cases, I 
found that the flanging had been made with an 
unduly small radius. 


Grooving of furnace necks is a common 
trouble which is usually dealt with by welding. 
The weld is, however, in the position of 
greatest stress, coupled with the fact that the 
weld metal on the water side underneath the 
neck is seldom dressed off to a smooth surface, 
all of which is not exactly first-class procedure. 
The alternative is, unfortunately, a very tricky 
job, namely the forging of a new section of neck, 
riveting same to back tnbe plate and welding 
into the furnace. 


bo 


Mr. MeAfee quotes particulars of a bad 
design of water gauge cock. I saw a plan some 
time ago of a water gauge valve of the quick- 
thread type where there was no means provided 
to prevent the spindle being completely un- 
screwed and blown out by steam pressure. | 
think also that the use of Whitworth or similar 
types of thread in stop valve spindles and bridge 
nuts should give way to square threads. 


I notice that there were no cases of failure 
of steel steam pipes in the period under review. 
My mind harks back to the question of saturated 
and superheated steam pipes in the uptakes 
which, at one time, caused some trouble. Some 
trawler Owners used to insist on removing and 
examining such pipes at more frequent intervals 
than required by our Rules. They may even 
continue this practiee today, but IT am not sure 
on this point. 


MR. G. M. BOYD. 

Although the paper concerns an engineering 
subject and [ am on the other side of the house, 
I have experienced intense enjoyment in reading 
it. The concise but not laconic, logical but not 
colourless style is excellent, and some Shavian 
touches lend brilliance to an otherwise dull 
subject. 


The Table on page 2 is interesting, and 
surprising in that the figures add up. Does this 
mean that the headings are mutually exclusive? 
For example, were there no failures in Seotch 
boilers due to water shortage? Otherwise, what 
types of boilers were affected in the eases 
referred to in the last three lines of the Table? 


It is also a little surprising that none of the 
“explosions” were due to vacuum, which is 
known to be dangerous. I have myself) known 
a boiler collapse due to vacuum, and there is one 
case on record in which a Chinese fireman was 
sucked in through a manhole whieh he was 
opening while there was vacuum on the boiler. 
I believe that it is not uncommon in trawlers 
for the boilers to be “desealed” by the simple 
expedient of blowing down to the sea and 
leaving the cock open so that the vacuum draws 
in cold sea-water. If this practice has not 
caused a collapse or two I am very surprised. 


There is little mention of other kinds of 
boiler failures, such as the cracking of steam and 
water drums when cold during expanding and 
caulking operations; the mass combustion of 
water-tubes; and furnace explosions, say, due to 
opening oil-burners on to hot briekwork. 


The suggested cause of waterhammer quoted 
on page 9 is not convincing. I imagine that a 
good deal of research must have been done on 
this subject, and would very much like to know 
the outcome. , 


In conclusion, I would like to congratulate 
Mr. Knowles on his’ concise and _— lueid 
introduction of the paper, although I know he 
would be the first to admit this did not 
compensate for the absence of the Author. 


MR. J. J. WILSON. 


I read Mr. MeAtee’s paper with interest and 
would like to express my appreciation of the 
manner in which the Author, by summarising 
and analysing the Board of Trade findings, has 
produced such an interesting paper, in spite of 
its rather foreboding title. 


Regarding the failure of boiler shells, it is 
noted that only two cases are mentioned, both 
due to wastage of the shell plate, and considering 
that several boilers have been condemned due to 
caustic embrittlement, I am surprised that no 
explosions have occurred attributable to the 
failure of the boiler shell longitudinal riveted 
seams weakened by this chemical action. 


As caustic embrittlement is generally under- 
stood to be brought about by the use of soda 
and/or boiler fluids, the boiler water penetrating 
riveted joints where concentration of the salts 
takes place and chemieal attack begins, resulting 
in cracked plating and, usually, broken rivet 
points, it is eoneluded that with the advent of 
the all-welded boiler the danger resulting from 
this phenomenon will no longer be present in 
boilers construeted in this manner. 


It is noted that the number of explosions in 
water tube boilers is relatively small compared 
with Scotch boilers, and although one tube 
failing in a water tube boiler may not be serious, 


in one ease I reeall it resulted in all the 
generating tubes and  superheater elements’ 


being burnt out, due to the time lag between the 
tube bursting and effeetive action being taken. 


This explosion occurred in a water tube boiler 
forming part of a modern land installation, and 
although it was clear to those investigating the 
damage that no counter action had been taken 
until after all the generating tubes and 
superheater elements had been burnt out, it is 
interesting to note that the sequence of events 


immediately following the tube failure was 
conveniently proved by means of recording 
charts. 


The tube burst about 2 a.m., with only one 
boiler attendant on duty, and the recording 
chart showed the steam pressure line dropped 
to zero at this hour, but the line recording the 
flue gas temperature rose and remained at a 
dangerously high level for a considerable period 
following the initial tube failure. 


Faced with this evidence the boiler attendant 
admitted later that the mechanical stokers had 
not been stopped when the tube failed. 


Overheating of the boiler drums has. also 
oecurred after tube failures when effective 


action has not been taken soon enough, and in 
one instance this caused defleetion of the drum 
with consequent elongation of the tube holes. 


Under the heading “Boiler Mountings and 
Attachments” the Author points out the inherent 
danger from scalding when entering a_ boiler 
adjacent to a steaming boiler, and it is worth 
noting the following paragraph from | the 
Ministry of Transport Instructions as to the 
Survey of Passenger ships, viz :— 


“A Surveyor who enters a Boiler whieh it 
is possible to connect with another Boiler 
containing steam, should, before doing so, 
take all reasonable preeautions to secure 
immunity from the danger of steam being 
turned into the boiler in which he is.” 


The onus as to what constitutes “all reasonable 
precautions” seems to be left to the individual 
Surveyor, but in the latest draft of the Indian 
Boiler Regulations this matter is dealt with 
more fully, viz :— 

“SArETY OF PERSONS INSIDE BOILERS. 
“No person shall be compelled or allowed, by 

the Owner or person in charge, to go inside a 
steam boiler for any purpose whatsoever 
unless the boiler is effectively disconnected in 
the manner hereinafter prescribed from any 
steam or hot water communication with any 
other boiler. 


“Effective disconnection shall be made 
either by the removal of the boiler stop valve 
or of a length of piping from all steam and 
hot water connections with any other boiler, 
vessel or pipe containing steam or hot water 
or by the insertion of substantial blank flanges 
between the boiler stop valves and piping. 


The shutting of a stop valve, stop cock or 
automatic isolating valve alone shall not be 
deemed to constitute compliance with this 
regulation.” 


It has been my practice to examine the boiler 
mountings prior to entering the boiler or boilers, 
with the threefold advantage of ensuring that 
any isolating valves are locked shut, or the hand 
wheels removed; seeing that valve lids or plugs 
are replaced in their seats following examination; 
and allowing time for a mounting to be 
removed from the shell, if considered necessary, 
to enable the shell studs to be examined, ete., 
whilst the remainder of the boiler survey is 
being earried out. 


In cases where there have been leaky check 
valves, allowing steam and boiling water to 
enter the boiler, it has sometimes been necessary 
to disconnect the feed line to the boiler and fit a 
blank in the line. 


The Author closes with a few comments on 
the law in connection with the survey of boilers, 
and I would like to ask if ships’ boilers come 
within the requirements of the Docks Regulations 
when the ship is actually in dock. 


MR. H. P. SOUTHWELL. 


We owe Mr. MeAfce our thanks for his 
exhaustive study of this very important subject, 
for the primary cause of these catastrophes is 
neglect on someone’s part or lack of appreciation 
of the danger arising from a certain set of 
conditions. A eareful study of all he writes will 
add much to the knowledge of anyone who. is 
still gaining experience in the vagaries of boilers 
—as most of us are. 


I would like to add one comment on the repair 
of boilers by welding, when such welding is 
subject to live loads due to pressure or 
temperature variations. 


Having spent a long time in one port, during 
which I surveyed a large number of boilers 
(most of them fairly old) 15 or more times 
consecutively, I was able to note how my 
recommended repairs stood up to long service 
conditions. 


The commonest major repair of all was the 
cutting out and welding up of the front end 
plate bottom knuckle, when it grooves below 
the centre furnace mouth. 


I formed the opinion that the safe life of such 
a weld, unless it was very short in length, was 
not more than 12 years in a coal-fired boiler. I 
had to eut out and renew a large number during 
my spell in that port, and I arranged, before 
I left, that all such welds still in existence after 
12 years should be renewed at the _ first 
oportunity. 


The main danger lies in the fact that the 
inside surfaces of these welds cannot be properly 
dressed and ground, for which reason the 
circumferential fractures, when they again 
develop, cannot be detected so readily as they 
were in the original plate. It should also be 
remembered that the same “hinging” action is 
taking place at this point and that the welding 
repairs cannot be expected to withstand these 
stresses for as long a period as did the original 
plate. 


Mr. McAfee quotes a number of interesting 
cases of waterhammer and I agree that the 
results of such actions are often quite beyond 
our ability to explain. 


In my own experience of several such eases, 
that of the “LEONARDO DA VINCI” deserves 


to be placed on record. 


This ex-enemy vessel was being refitted after 
capture and steam had just been raised in the 
after port water tube boiler.  Beeause the 
bulkhead stop valve on the main steam range 
was leaking it was arranged to shut down at 
6.30 one morning in order to overhaul it before 
steam was required in the galley at 7.30 a.m. 


The 2nd engineer saw the boiler shut down 
and the valve opened up. After instructing two 
junior engineers to grind it in to remove a mark 
in the seat he lett them to it. Just before. 
7.30 a.m. he returned and was standing behind 
the juniors on the high narrow grating while the 
valve was given “a last rub in,” when the valve 
suddenly shot out of its seat with tremendous 
speed followed by about a bucketful of boiling 
water, which badly sealded all three engineers. 
The two juniors later died of their injuries. 


The reason for this catastrophe was never 
definitely established and no. enquiry was held 
because of lack of evidence and witnesses. 


A tenable theory was evolved but as no one on 
board would admit to having entered the galley 
about 7.30 a.m. and opened a heater steam cock 
there, it had to rémain a theory. 


The rough sketch (see page 9) drawn from 
memory, will make it clear that a certain amount 
of water would have collected in the range 
during the night and might have been set in 
motion by the release of the vacuum behind it. 
If this is not the answer then the accident is 
still an unsolved mystery. 


MR. J. STILEMAN. 


Mr: Stileman described furnaces in the 
boiler of a Coaster in which the salinity had 
reached saturation point and the salt had 
crystallised out. 


The sides of the furnace had collapsed above 
the line of fire bars until the space was almost 


closed. 


MR. G. MANSON. 


Tn the section headed “Serew Stays” the 
Author refers to “the folly in the indiscriminate 
use of welding, ete.” 


With regard to leaky stays and stay tubes, 
when these get troublesome, welding is often 
resorted to. Unfortunately, in some eases, the 
welding done is not much better than the 
proverbial coat of paint which is put on to 
make a job look good. 


Even with a*poor weld, it is quite likely that 
the leak will have been stopped. In fact the 
stopping of the leak, and that only, is often the 
only concern of the welder, no thought 
whatsoever being given to the condition of the 
plate in contact with the stay or stay tube. 
Consequently, little or no preparation is done 
before the welding is commenced. 


In such cases an indifferent weld is bound to 
be made, with the danger that one cannot deteet 
a bad weld by visual examination; it may look 
perfectly sound outwardly and yet have a rotten 
¢€ore. 


Accordingly, when it has been decided to do 
welding repairs, it is essential to see that proper 
preparation is carried out before welding is 


commenced. The area to be welded should be 
thoroughly cleaned and chipped until sound 


metal is reached and a generous ‘V’ preparation 
made in accordance with good standard practice. 
If this is done the type of accident mentioned 
by the Author should not arise. 


on 


MR. S. N. CLAYTON. 


As a supplement to the Author’s “Comments 
on the Law” it is of interest to note that some 
years ago, as a result of the explosion of a 
Stirling watertube boiler drum, caused by 
external corrosion of the end plate beneath 
brickwork, the Chief Inspector of Factories 
introduced the following requirement. It is 
necessary that brickwork in way of the: seams 
of shell boilers, and the drums and headers of 
watertube boilers be removed and the parts 
examined, not less frequently than once in every 
the boiler’s 


six or ten years depending on 
location. 
Although the foregoing remarks are not 


applicable to marine boilers perhaps the Author 
would, in view of the infrequent occasions on 
which it is found necessary to remove lagging 
completely from boiler shells, state whether, 
in fact, any of the reported failures of marine 
boiler shell plating have been attributed to 
external wastage under coverings. If such has 
heen the ease, do the statistics obtained show 
which part of the shell plating, other than the 
parts of the end plates to which the Author 
makes reference, is the most prone to attack. 


MR. T. P. GIBBESON. 

The Author mentions in his paper the risks 
that a Surveyor may be exposed to when 
carrying out a survey of a boiler which may be 
isolated from an adjacent boiler under steam 
pressure by only a single main stop valve. 

The writer recalls a case when carrying out 
a Boiler Survey under similar circumstances. 


The furnaces, back ends and water side of the 
boiler had first been examined, and it was whilst 
carrying out an inspection of the mountings 
to complete the survey that an accident nearly 
occurred. 

The writer had been examining the safety 
valves and had just moved his head away after 
looking down at the valve seats when there was 
a rush of steam up through the valve chest. The 
safety valves of the adjacent boiler had lifted and, 
the escape pipes being common, the steam had 
taken the shortest route to the atmosphere. 
The writer has since been careful to that 
the pressure on the boiler or boilers under 
steam, connected to the boiler under survey, is 
kept well below the red mark on the gauge. 


see 


The practice of the Royal Navy, as stated by 
the Author, of blanking off the steam lines is a 


good but it is thought the feed lines 
might also be ineluded. 
such precautions should be made compulsory 


one, 
In the writer’s opinion 


in the Merchant Navy and should be the 
Owners’ responsibility before a survey under 
these conditions is carried out. 

Author's 


Before replying to those Members who have 
so added to this paper by their diseussion, I 
must first acknowledge my debt and gratitude 
to Mr. Knowles for his good work in presenting 
if on my behalf whilst I was detained in another 
place. , 


To Mr. Warson. 


In reply to Mr. Watson, there would seem to 
be no doubt that the case he quotes of an 
exploded electrically operated lubricating oil 
heater would, by definition, come under the 
terms of the Boiler Explosions Acts. | Some 
years ago the explosion of a heater for pig 
mash on a farm was the subject of an official 
investigation. 

The oil heater, whether for lubrieating or 
fuel oil, and whether operated by electricity or 
steam, is a potential danger, and their numbers 
are on the increase with the developing 
adaptation of Diesel engines running on boiler 
oil. 


As to safeguarding all these by means of 
thermostatic or flow controls, I ean only put 
forward the plea for simplicity and suggest that 
if a safety valve has on one oceasion been-found 
unreliable these other fittings are not likely, to 
he any less so. The provision of a robust 
safety valve discharging in closed ecireuit, as on 
oil burning equipment, should, in my opinion, 
if periodically inspected and tested furnish the 
necessary safeguard. 


To Mr. Boye. 


Mr. Boyle quotes a strange case which 
fortunately had no disastrous results. It might 
here be mentioned that H.M. ships are not 
within the scope of the Boiler Explosions Acts 
though I am sure the Lords of the Admiralty 
investigate equally fully any ineidents which 
arise within their sphere. 

I agree with Mr. Boyle that it is preferable 


to arrange for welds in combustion chamber 
plates along a line of stays; the subsequent 


More often than not a Surveyor has to lie 
on’a plank or a bag on account of water which 
has collected due to a leaky check, or be 
subjected to continual dripping of condensed 
steam from a not so tight main stop, or both, 
which tend to make his task more diffieult and 
hazardous. 


Reply 


preparation of the stay holes will afford an 
additional opportunity to examine the quality 
of the welding. 


To Mr. KNOwWLEs. 


Mr. Knowles’ remarks are all to the point. 
There is somewhere a drawing office where the 
Chief has written for all to see “make the radius 
as large as possible.’ I can confirm the 
recollection of trouble with trawlers in 
remembering the Superintendent who brought 
under his arm all the way from some far fishy 
port to Fenchurch Street a large piece of 
decomposed steam pipe. In the rare atmosphere 
of those days it somehow brought our sliderules 
closer to reality and made us feel that we had 
suddenly become aware of the facts of life. 


To Mr. Boyp. 


Mr. Boyd has shaken my hope that the Ship 
Surveyors would not discover that our boilers 
sometimes explode. But after all, they too have 
skeletons in their cupboard which are exhibited 
from time to time. 

I apologise if the table on page 2 is not clear, 
but I thought that as there are no figures 
opposite the words “Seotch Boilers” it would be 
obvious they merely qualified the five items in 
smaller print below. All types of boilers have 
been damaged by water shortage though, as 
mentioned in the text, only two of the instances 
recorded concerned the water tube type, and 
I tried to emphasise this in support of the belief 
that all boilers should have two glass water 
gauges. 

Water hammer is, of course, more a funetion 
of the steam pipe arrangement and the type of 
boiler is irrelevant. 


I agree with Mr. Boyd that vacuum effects 
can indeed be dangerous though, as the pressure 
difference in such eases could not exceed 
atmospheric, the boiler he mentions must have 
been of unusually light construction if vacuum 
produced collapse. 


The accident to the fireman which he records 
is in the historic tradition, confirming as it does 
the fact that nearly all the strange misadventures 
which are related about firemen coneern Chinese 
firemen. 


To Mr. Winson. 

Mr. Wilson’s remarks were extremely 
interesting, and I must thank him for amplifying 
my notes on the risks which aeeompany the 
Surveyor inside a boiler ‘whilst an adjacent 
boiler is under steam. 


Under such cireumstances Mr. Wilson’s 
suggestion that the mountings should receive 
the first attention and valve lids be replaced on 
their seats before proceeding inside has every- 
thing to commend it. 


The relatively small number of incidents 
involving water tube boilers is probably due to 
the smaller number of these in marine service 
coupled with the fact that they are usually fitted 
in vessels where the technical standard of the 
operators is of a higher order. 


The so-called caustic embrittlement has 
occurred on relatively few occasions in marine 
boilers and has been detected in time to avoid 
explosion. It should not appear on_ the 
all-welded boiler, but T would refer Mr. Wilson 
to Dr. Dorey’s paper on this subject read before 
the I.N.A. in 1937. 


The Docks Regulations do not contain any 
provision governing the examination or 
testing of a vessel’s boilers. 


Thus, whilst the Owner or Master is under no 
statutory obligation to ensure that the boiler 
under a winchman’s feet does not blow him into 
the air, yet a heavy fine may be ineurred if a 
Wisp of steam from a gland obseures his view. 


To Mr. Sovruwetu. 


I was gratified to find Mr, Southwell’s facile 
pen again in evidence. He, too, stresses the 
disadvantage of welds where “hinging” takes 
place and supports his remarks by the full-seale 
long-term experiments which he was able to 
make. It is always interesting to note how 
much more subject the coal-fired boiler is to 


grooving effects. Fortunately this seldom 
constitutes an explosion hazard, though I 
examined one case where a_ single boilered 


vessel had been disabled at sea due to a blow-out 
in way of grooving in an end plate flange. 


The case quoted by Mr. Southwell in whieh 
two men lost their lives through water in a 
steam line is an addition to the melancholy list 
of such happenings. We may not be able to 
explain afterwards the exact sequence of events 
in every instanee, but at least there is enough 
evidence to show how they may be prevented. 
This cannot be done merely in the process of 
approving the plan of steam pipe arrangement, 
but must be the subject of a lively anticipation, 
after considering the actual arrangement on 
board, of what might happen. 


To Mr. Manson. 


Mr. Manson rightly emphasises the problem 
of the welded stay or tube though his coneluding 
remarks raise some doubts in my mind. If a 
boiler has been in service for some years and a 
stay or tube cannot be made tight by caulking 
or expanding, then I submit that the stay or 
tube is itself defective to an extent—great or 
small—which cannot be determined. Even if 
the “generous Vee” advocated is prepared 
before welding, the tube or stay may be unduly 
weak below, but once welded this may not come 
to light until something more serious happens. 


This was precisely the cause of the accident 
described in the paper. 


As a warning device a small hole might at 
least be drilled from the outside of the boiler 
through the centre of each welded stay for 
almost full length. 


On new boilers the position is different and 
the welding of stays into C.C. plates without 
screwing is now well established. 


To Mr. Crayon. 


Mr. Clayton raises an interesting point. 
Both the Society’s Rules and the reports of 
many Surveyors make reference to the 
examination of boilers “internally and exter- 
nally.” Now a boiler cannot be examined 
externally unless the lagging is removed, and 
I suppose that is why some of us avoid the issue 
by the use of the word “throughout.” 
Externally, however, a boiler should only be 
affected by wastage if there is dampness present, 
and no Seotch boiler should be passed without 
examining at least the external ‘part of the 
bottom and sometimes also the top on small 
vessels where rain or sea water has entered. 


IT am-— assuming the longitudinal joints, 
particularly if they are below water level, will 
receive full attention from the inside. For the 
rest, damp lagging should be the clue. 


I have not come across any record of 
failure of a marine boiler due to undetected 
wastage under coverings, but would nevertheless 
suggest that all small boilers in confined 
positions, particularly vertical boilers, and also 
evaporator shells (the. evaporator is also a 
boiler), should be strongly suspect after a 
certain age. 


To Mr. Grepeson. 


Mr. Gibbeson has pointed out another hazard 
te the Surveyor from adjacent boilers and 
indicates a necessary addition to the procedure 
advoeated by Mr. Wilson. 


The time may come when it will be a legal 
responsibility of those offering a boiler for 
survey to see that all attached steam and feed 
lines are blanked off. 


The discussion would indicate that securing 
of handwheels is not enough, 
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LESSONS FROM WELDED SHIPS’ STRUCTURAL 
FAILURES AND REPAIRS 


By A. M. KENNEDY 


ERRATA. 


PaGE 2. 
Column 2, paragraph 2, line 7 should read:— 
x2 gray , 


and aft angles, 6 in. X 4 in. X °5 in. were 
PaGE 4. 

Column 1, line 2 should read:— 

the original butt (1) in shell bilge strakes E and D, 

Column 1, line 10 should read:— 
xX 6 in. X °5 in. toe- 
Column 1, paragraph 2, line 6 should read:— 
thick 
Column 1, paragraph 2, line 14 should read:— 
Git. Ib ano pans 


are flanged plates 18 in. 


an external strap + in. wide by -62 in. 


were welded on to the 


PaGeE 6. 
> 


Column 1, line 3 should read:— 
of the 


Column 1, paragraph 4, 
read:— 


and about half breadth of the ship 


last three lines should 


It is good economical design to utilise parts of 
a structure required for protection, as in this 
case, for strength purposes as well. 


PAGE 7. 
Column 1, paragraph 3, line d:— 
> 1 gray 
Add * at end of line. 


Page 8. 
Column 2, paragraph 2, line 7:— 
/ gray 
Fig. 17 should read Fig. 16. 


WAKA PAU UE URU ELOY NOU VER JuWE UR pam 


experience of building and survey work, 
every ship and ship’s casualty having been 
subjected to serutiny and mathematical 
analysis, thus ensuring safe and continuous 
evolution ; 


ained shipbuilding community posses- 

a pool of scientifie and technical 
‘ledge which will enable its members 
roduce and develop new ideas. 


st case for consideration is the 
-N.” This ship was of the usual 
C.-2 type cargo ship of Dims. 416 ft. 
(ft. X 37 ft. 4 ins., with a displace- 
1,100 tons on draught 27 ft. 9 ins. In 
1947, when bound for Britain loaded 
t, she experienced heavy weather of 
, and when shipping very heavy seas 
sembling an explosion was heard, and 
ly a fracture was found in the upper 
shell plating on the port side abreast 
hatch. The ship put into a near-by 
» temporary repairs were effected, con- 
welding the fractures in the deck and 
ing. The ship then continued her 
age to her U.K. port without further 
ad was examined upon discharge of her 
h the findings and subsequent per- 
dairs as shown in Figs. 1 and 2. The 
recommended the renewal of five feet 
ake and ten feet of stringer plate, and 
relding of the fracture in the inter- 
rakes. The pieces of plating cut out 
port sheerstrake and stringer, which 
the fractures which had been welded, 
to a welding laboratory and test pieces 
ch were mechanically tested, with the 
results :— 


RAKE.—Yield point 15-8 tons per 
re inch; Breaking, 26 tons per square 
and elongation of 324 per cent, on 
h gauge points. 


Rk PuLare—yYield point 16-7 tons per 

re inch; Breaking, 26 tons per square 

and elongation of 28 per cent, on 
Seo h gauge points. 


Norre.—Freeboard 1932 Rules specify 26 to 
32 tons per square inch for Breaking, and 
16 per cent elongation on 8 inch gauge 
points. 


LESSONS FROM WELDED SHIPS’ STRUCTURAL 


FAILURES AND REPAIRS 
By A. M. KENNEDY 


HE following paper is offered with the 
i Author’s hope that some of his war- 
time experiences of casualties and re- 
pairs to electrically welded ships will prove of 
interest and help to members of the Staff Associ- 
ation and, at least, provide a few pointers to 
future good design. During the whole period of 
the late war, as a British Corporation Surveyor 
in Liverpool representing the American Bureau 
of Shipping, he had valuable opportunities of 
observing and diagnosing damages, and pre- 
scribing repairs in many ¢ases involving fractures 
of completely welded, or partly welded, American 
ships. Some of the casualties were caused by 
torpedo or bomb explosions, others were due to 
collision or ground contacts, while many just 
happened in the ordinary course of ship service, 
the fractures probably having been initiated by 
faults in welding procedure caused through a lack 
of enough experience of good welding and con- 
structional methods. Whatever the causes may 
have been, one thing is certain, we have all 
profited by the study of British and American 
war-time results, whether good or bad, and gained 
valuable experience in a comparatively short 
period, stimulating us to grasp many new ideas 
which will help in the design and building of 
trouble free all-welded ships. In striving to 
attain this desirable and necessary end through 
the study of such cases as will now be presented, 
it is comforting to remember that several well 
tried fundamental design facts, like the fol- 
lowing, will sustain us in the attack on our 
problems :— 


(1) A minimum standard of strength for ships, 
as laid down in the 1932 Freeboard Regu- 
lations, derived, in great measure, from 
Classification experience; 


(2) A Classification Rule Book which gives the 
necessary scantlings for ships of all types 
and proportions, based on years of practical 
experience of building and survey work, 
every ship and ship’s casualty having been 
subjected to serutiny and mathematical 
analysis, thus ensuring safe and continuous 
evolution ; 


(3) A trained shipbuilding community posses- 
sing a pool of scientifie and technical 
knowledge which will enable its members 
to produce and develop new ideas. 


The first case for consideration is the 
ss. “SAM-N.” This ship was of the usual 
Liberty E.C.-2 type cargo ship of Dims. 416 ft. 
B.P. X 57 ft. X 37 ft. 4 ins., with a displace- 
meut of 14,100 tons on draught 27 ft. 9 ins. In 
February, 1947, when bound for Britain loaded 
with sugar, she experienced heavy weather of 
gale force, and when shipping very heavy seas 
a noise resembling an explosion was heard, and 
subsequently a fracture was found in the upper 
deck and shell plating on the port side abreast 
the No. 4 hatch. The ship put into a near-by 
port where temporary repairs were effected, con- 
sisting of welding the fractures in the deck and 
shell plating. The ship then continued her 
loaded voyage to her U.K. port without further 
incident, and was examined upon discharge of her 
cargo, with the findings and subsequent per- 
manent repairs as shown in Figs. 1 and 2. The 
Surveyor recommended the renewal of five feet 
of sheerstrake and ten feet of stringer plate, and 
left the welding of the fracture in the inter- 
mediate strakes. The pieces of plating cut out 
from the port sheerstrake and stringer, which 
contained the fractures which had been welded, 
were sent to a welding laboratory and test pieces 
made, which were mechanically tested, with the 
following results :— 


SHEERSTRAKE.—Yield point 15-8 tons per 
square inch; Breaking, 26 tons per square 
inch, and elongation of 323 per cent, on 
8 inch gauge points. 


Springer Prare.—Yield point 16-7 tons per 
square inch; Breaking, 26 tons per square 
inch, and elongation of 28 per cent, on 
8 inch gauge points. 


Norr.—Freeboard 1932 Rules specity 26 to 
32 tons per square inch for Breaking, and 
16 per cent elongation on 8 inch gauge 
points. 


‘No. 4 hold. 


The new material supplied (British Steel) was 
as follows :— 


New SHEERSTRAKE.—Yield point 16-5 tons per 
square inch; Breaking, 27-2 tons per square 
inch, and 26-25 per cent elongation on 8 inch 
gauge points. 


New Srricer Priare.—yYield point 15-7 tons 
square inch; Breaking, 27-2 tons per square 
inch, and 31-25 per cent elongation on 8 inch 
gauge points. 


It will be noted that the British and American 
material was practically identical and mechani- 
cally effective under similar tests, and was there- 
fore considered of normal quality. 


Upon receiving the X-ray films of the welding 
effected at the intermediate port, these showed 


_ a slight slag inclusion in the welds, and although 


not considered serious, it was thought advisable 


‘as a precaution to fit reinforcing straps under the 


welded fractures which remained in the adjacent 
strakes. (See Figs. 1 and 2 for details.) 


An appropriate bending moment and sheering 
force diagram of the hull structure in still water 
conditions was made out for the loads distributed 
as on the voyage, and these indicated the proba- 
bility of the bending moment and sheering force 
combined, reaching a maximum in the vicinity of 
Its amount could not be accurately 
determined, but it may be that if there were some 
locked up stress in the sheerstrake plate at this 
point the fracture may have started from there. 
Naturally, with a ship in a seaway tending to 
hog and sag, the stresses would be increased 
because of waves. It may be stated at this point 
that this ship was recently further examined, 
the Surveyor finding that the repairs had proved 
effective and given satisfaction. 


The second casualty case for consideration was 
that of a Liberty ship which was dealt with in 
June, 1943. The damage was stated to have 
been caused by heavy weather and underwater 
explosions when she was passing through 
extensive ice fields during May, 1943, whilst 
on a voyage from New York to Liverpool. Our 
Surveyor first saw the ship afloat after it was 
reported that oil fuel was leaking from the No. 3 
port D.B. tank. It was therefore recommended 
that a diver be sent down to examine the bottom, 
and his report was that the port side shell plating 
was split athwartships for approximately 23 feet 
at and above and below the bilge keel, which split 
he subsequently packed with wood wedges, and 


the ship then proceeded to dry dock. Upon 
examination there, the athwartship shell fracture 
was found to be 25 feet long, crossing strakes 
B, C and D, and terminating in a frame rivet 
hole in E, the strake above the bilge, and also 
fracturing in the same line, the intercostal girder, 
bilge keel (at a butt weld), and the D.B. tank 
top plating towards the ship’s side. (See Figs 3 
and 4.) The permanent repairs effected were as 
follows :— 


The shell fracture was continued to the inner 
edge of B strake by eutting the remaining 13 
inches, and the fracture edges of B and C strakes 
were veed from the inside of the ship and elee- 
trically welded downhand, finishing with a sealing 
run outside, and, in way of fracture, three fore 
and aft angles, 6 in. X 4 in. X 5 in. were 
electrically welded by the toes to the shell strakes 
B and C, and on their ends to floors Nos. 84 
and 85; a 4 ft. 9 in. long portion of D strake, 
with cuts 2 ft. 44 in. forward and aft of the 
original butt between frames Nos. 84 and 85 was 
renewed, together with a 5 ft. 9 in. long portion 
of E strake*cut out symmetrically around the 
same centre as in D strake; the vertical butt 
joint edges were double veed, and the original 
horizontal edge arrangements repeated, and all 
electrically welded, and E strake plate riveted to 
the frames, and D strake plate electrically welded 
to the frame webs, as originally. 


It is to be remarked upon here that the line 
of the 25 ft. long athwartship fracture was 
through the virgin shell plating at 14 in. forward 
of the original welded butt joint between frames 
Nos. 84-5, in the bilge strake D, and that no 
butt joint electric welding had fractured. It 
is also to be noted that the fracture stopped in 
a rivet hole of a frame in E strake above the 
double bottom tank top. (Note: The shell 
plating was completely welded in butts and 
seams all over, but only the frames were riveted 
to the shell plating above the double bottom.) 
Also, the maximum opening of fracture was 
“s in. in D strake and there was no reduction 
of plate thickness at the fracture edges. The 
fracture suggested shock. 


It may be that the fracture started where the 
original butt welding of the bilge keel fractured, 
the bilge keel being on the outermost fibre, and 
then continued into the D strake virgin shell 
plating, and also fractured, in the same line, 
the several items mentioned above. There is little 
doubt that the fracture would have continued 


travelling inboard across the bottom shell if the 
voyage had been longer. Lessons to be learnt 
from this case :— 


(1) There should always be a stirrup hole in 
bilge keels next the shell to prevent a 
fracture in a bilge keel welded butt from 
travelling into the shell plating, and there 
should be stirrup holes at erossing welding 
(see intercostal example in Fig. 4). 


(2) Rivet holes act as fracture stoppers; but 
this is no comfort for it is surely desired 
to use electric welding entirely in ships. 
Therefore they must be well designed and 
made of the best ductile material, and the 
joints must ‘be welded with the very best 
electrodes, manipulated by the — best 
operators. Only the best is good enough 
in the places of greatest stress, as has been 
indicated previously. 


The third case (see Fig. 5) is also of a Liberty 
ship, which was dealt with in January, 1944. The 
weather and loading on the voyage were normal. 
This. case involved a complete fracture, about 
18 ft. 6 in. long, in the 2nd deck plating, which 
started from the forward starboard corner of 
the No. 2 hatch—an example of a fracture started 
off from a square corner. It is to be noticed 
that an original butt weld runs athwartship and 
practically parallel to the fracture at about 
3 ft. 4 in. away from same, but this butt has 
not been affected. The fracture opened up ¢ in. 
and showed no signs of reduced plate edges, 
which I have found to be the case in all such 
casualties. Also notice that the deck fracture 
has run down for 4 in. into the athwartship 
forward hatch and beam. Permanent repair 
consisted of veeing the fracture edges and 
electrically welding downhand, using “step back” 
methods, and making a sealing run finally under- 
neath. Then in the hatch end beam, the 4 in. 
fracture was veed and welded and a 6 in. X 
‘75 in. steel slab was fitted over it in the hatch 
corner, and electrically welded to forward hatch 
end and to the hatch side coaming girder. 


A repair like this, using in all cases good 
“step back” methods of electric welding was 
usually found effective, for many such repairs 
stood up well during the war. 


The T2 tankers now take the stage. They have 
16,000 tons oil capacity, Dims. 503 ft. & 68 ft. 
x 39 ft. 3 in., with poop, bridge and forecastle 
superstructures built on a single deck. Two 


longitudinal bulkheads divide the oil tanks (giving 
three tanks abreast), and a form of athwartship 
bracing is fitted in the side tanks, connecting the 
web frames on the ship’s sides to the vertical 
webs on the longitudinal bulkhead, which are 
in the same transverse plane. (See Fig. 6 of 
T2 tanker structural alterations.) As a result 
of experience of certain structural defects, which 
included fractures in the hull envelope (one such 
case will be described in a moment), the American 
Bureau of Shipping recommended that slots 
should be cut in the deck about 8 ft. inboard 
from the ship’s side, and in the bottom shell 
about 10 ft. inboard from the ship’s side, port 
and starboard, and extending fore and aft for 
a length of about 190 ft., ie., in the vicinity of 
oil tanks Nos. 3 to 8 (numbering from forward), 
over which slots riveted straps should be fitted, 
123 in. to 15 in. in width. This was recom- 
mended with a view to stopping the propagation 
of cracks should they oceur. This method of 
reinforcement has been carried out in the 
majority of the T2 ships which have been classed 
with the British societies. As an alternative to 
the above, a modification was adopted which is 
equally effective and which has satisfied Owners 
who are not in favour of eutting the hull. This 
consists of fitting heavy riveted doublings on the 
deck stringer plate and sheerstrake, also on one 
strake above and below the bilge, and extending 
throughout the length of the oil tanks. It is 
considered that the riveted doublings will provide 
additional longitudinal strength and that the 
hammering and heat from the riveting will 
relieve locked up stresses, and that cracking of 
shell and deck plating, if any should oceur, will 
be restricted. 


The fourth case is of a shell fracture in a 
T2 tanker. (See Figs. 7 and 8.) The ship was 
making a loaded voyage from New York to 
Liverpool about the middle of January, 1944, 
and was rolling and shipping heavy seas and 
labouring, the wind force being Nos. 4 to 7, which 
is considerable. It was observed that a port 
list developed and oil was observed on the surface 
of the sea. On investigation, it was found that 
about 140 tons of oil had been lost from the 
No. 6 starboard wing tank on the opposite side 
of the ship. It was reported that there was no 
unusual condition of loading or deck cargo, and 
air temperatures varied from 36° to 60° F. Upon 
survey after discharge of oil, it was discovered 
that an athwartship fracture had developed at 
a line 3 ft. forward of the aft bulkhead of the 


No. 6 tank starboard in the electric welding of 
the original butt in shell bilge strakes E and D, 
and extending into the virgin plating of C strake 
for a distance of 5 ft. 7 in., a total length of 
fracture of about 17 ft. 9 in. Internally the 
webs of the 3rd, 4th, 5th and 6th longitudinal 
frames also fractured vertically from the semi- 
cireular gaps which are in way of the above 
fractured butt welding. The longitudinal frames 
are flanged plates 18 in. X 6 in. X 5 in. toe- 
welded to the shell plating. Probably the 
fracture started in the original electrically welded 
butt of D and KE, due to the heavy working of 
the ship, and, as in the Liberty ship casualty 
(Figs. 3 and 4) previously described, the fracture 
continued into the virgin plating of C strake. 
When making an examination the Surveyor 
noticed that another butt (2) (Fig. 8) in D strake, 
port side, and yet another at (3) in B and C, 
port side, extending into virgin plating in D 
strake, had previously been fractured and welded. 
Fractures like these evidently necessitated the 
fitting of fore and aft straps at deck and shell 
bottom in the wing tanks previously described. 

As regards permanent repairs, the original 
welding of the butt in D and E strakes was cut 
out and the edges veed for down-hand welding, 
and because the plate edge vees had caused a 
rather wider gap than was considered desirable, 
an external strap 4 in. wide by -62 in. thick was 
fitted for full width. Then the 5 ft. 7 in. long 
fracture in the virgin plating of C strake was 
veed and welded down-hand for the whole length 
of the fracture and finished with an overhead 
sealing run clear of the 4 in. strap. Internally, 
the fractures in the longitudinal frames were 
veed and welded, and 4 ft. long reversed angles 
6 in. X 6 in. X 5 in. were welded on to the 
upper edge of the frames. 


The fifth case, also of a T2 tanker, is a 
contrast to the above T2 tanker, and did not 
show a fracture, even under severe treatment. 
She grounded in the River Mersey in a fully 
loaded condition about November, 1943, at the 
right-hand side of the entrance to a dock on 
rather an uneven surface. The tide fell 9 ft. 
down the ship’s sides and, therefore, the ship 
was only partially waterborne, the ground 
exerting a pressure of approximately 6,480 tons 
on the ship’s bottom. Upon internal examination 
the ship’s bottom was found slightly set up 
locally in about ‘five places, but no fractures had 
occurred. The ship was allowed to proceed in 
ballast to New York without any repairs. She 


. 
arrived safely and dry docked for further 
examination and repairs. This case shows the 
danger of generalising from particular cases. 


For the sixth case, mention must be made of 
a torpedoed Liberty ship—eall her “R.D.”— 
which survived a lot of punishment, eventually 
being repaired and sent back into service. The 
ship was first visited by the Surveyor as she lay 
afloat in the Gladstone Dock, Liverpool, in 
January, 1945, having been torpedoed south of 
Holyhead just previously, when on a loaded 
voyage from U.S.A. to Liverpool. She was an 
unforgettable sight, the fore end being down to 
the lower edge of the hawse pipe lips, while the 
stern was well up in the air. After a pre- 
liminary examination afloat dry docking of the 
ship without discharging cargo'was recommended, 
so as not to capsize her, for she had been 
torpedoed abreast the after end of the No. 1 
hold and the forward three-quarter length of the 
No. 2 hold on the starboard side had been blown 
out and ruptured. After dry docking and further 
examination, temporary repairs were recom- 
mended to put the ship into a seaworthy condition 
for transport to the East Float, Birkenhead, for 
the discharge of her cargo. These temporary 
repairs show what can be done with electric 
welding. They consisted of -5 in. thick horizontal 
plating fitted externally over the puncture and 
welded to the shell all round. 12 in. X 34 in. 
x -6 in. bulb angles and 12 in. * 4 in. * -5 and 
‘6 in. channel stiffeners, 3 ft. apart, were fitted 
horizontally and externally to the above-mentioned 
horizontal plating and welded thereto; also, 
internally, two vertical -5 in. thick web plates, 
having 6 in. X 34 in. X -5 in. face angles, were 
fitted in way of damaged bulkhead No. 39 (aft 
end of No. 1 hold) and also at a frame four 
frames aft of same. .The webs were shaped and 
welded to the crumpled shell plating in way. 
The ship after these temporary repairs had been 
effected, safely crossed the river, discharged her 
cargo and returned to dry dock. 


When permanently repairing the ship, in order 
to use the labour of riveters which was available, 
some riveting had to be introduced into this 
practically all-welded ship (the hold frames only 
were originally riveted to the shell). The items 
riveted were frames and reverse angles to the 
floors in the D.B. tank, the main hold frames 
to the deck and tank top brackets and bulb angle 
beams to the new 2nd deck plating. (See Figs. 9 
and 10 for details.) A really splendid repair 


was eventually completed and the methods were 
so successful that three subsequently torpedoed 
ships were dealt with in similar fashion. 


At this point are presented Figs. 11, 12, 13 
and 14 which give examples of typical repairs 
to Liberty ships recommended by the British 
Corporation and evolved from war-time experi- 
ence. The examples will be of some interest and 
value as the repairs proved successful in practice, 
meeting the urgent needs of the war period. In 
addition, the Admiralty, after consultation with 
Lloyd’s and British Corporation, ordered pre- 
cautionary measures to increase the efficiency of 
these ships by remedying certain defects of 
design, as follows (refer to Fig. 14) :— 


Harcnway Corners.—The four corners of 
No. 3 hatch, the after corners of No. 2 hatch 
and the forward corners of No. 4 hatch were 
reinforced as shown in (a) underneath the hateh 
end beams and the fore and aft girders. 


SHEERSTRAKE NorcH at ACCOMMODATION 
LappER.—Corners were rounded off as indicated 
in (b). 


SHEERSTRAKE Burrs.—These butts were re- 
inforced with welding at the top edge of the 
sheerstrake and finished off flush; previously 
they were underflush or had square corners. This 
applied between the forward end of the No. 2 
hatch to the after end of No. 4 hatch. Where the 
bulwark plate crossed one of these sheerstrake 
butts a “stirrup” hole was cut in the bulwark 
in way. 

Butwark PuatrE Burrs at Top EpGr or SHEER- 
STRAKE.—Similar “stirrup” holes were cut in way 
of welded butts of bulwark plate to act as 
fracture stoppers for half length of ship. 
(See (c).) 

CORNERS OF WASHPORTS AND ScupPERS.—Any 
square corners were rounded off and any rough 
welding reinforced and dressed off flush. 

RECESS IN Sires or Deck Housr.—Door 
openings were reinforced, as shown in (d) 1, 
2 and 3. 

Burts or Binge Keet Piatres.—In some ships 
a hole was drilled, as shown in (e), but in most 
of these Liberty ships the butt had been arranged 
to come in way of a scallop and, therefore, a 
fracture starting in a bilge keel butt could not 
travel into the shell bilge strake. 


In order to sum up the lessons learned from 
casualties to welded ships the following extract 
is taken from the Admiralty Ship Welding Com- 
mittee’s Interim Report :— 


oO 


“The conclusions reached from the analysis 
and examination of casualty reports may be 
briefly summarised as follows :— 


(i) The origins of practically all serious 
fractures have been traced to notch effects 
of discontinuities. |The original notches 
may be design features such as abrupt 
changes in section or they may be acci- 
dental, such as defects in welds, flaws in 
the steel, or small cracks. 


(ii) No marked correlation has been found 
between shipyard methods and the inei- 
dence of serious fractures. 


(iii) A study of the prevailing temperatures at 
the time of occurrence of serious fractures 
has shown that the majority occurred at 
relatively low temperatures, which may be 
meteorological or artificial, as, for example, 
in refrigerated ships. 


(iv) The majority of the serious fractures have 
oceurred suddenly, and often with a loud 
report. 


The majority of the serious fractures have 
been of a brittle character, showing little 
deformation of the fractured edges. 


(vi) Analyses of certain of the steels involved 
in the American casualties showed an 
abnormally high carbon content and a 
correspondingly low manganese content. 


(v 


~— 


(vii) The fractures have seldom been confined 
to the welds, and even when they originated 
at weld defects the tendency has been for 
the fractures to run off into the plating. 

(viii) Many of the fractures have been arrested 
by riveted joints.” 


It is now well known that in welded ships 
some athwartship distortion or waviness of the 
bottom shell and double bottom tank top plating 
has taken place between the floors when under 
compression stresses due to longitudinal bending. 
It is thought that this waviness was started when 
building the ships, due to welding, especially at 
veed butts and at floor connections to shell and 
tank top plating. During the subsequent five years 
the defect gradually accumulated until it suddenly 
inereased up to as much as 1 in. or 1} in. de- 
flection in one frame space. In the Liberty 
ships, shell and tank top plating corrugated 
between floors Nos. 80 and 81, in the vicinity 
of the notch effect caused by the saloon front. 
At this position there is also a welded butt 
which in some ships fractured; repairs were 


made by cutting out and renewing a panel of 
plating each side about 5 ft. long fore and aft, 
and about a quarter of the breadth of the ship 
athwartships. Internally four 6 in X 3 in. X 
-5 in. toe-welded angle stiffeners were fitted each 
side to the shell, and in some ships also to the 
inner bottom, for sufficient length to cover the 
waviness. 


In July, 1949, an *Ocean type American ship, 
s.s. “Teespool,” (er “Ocean Vanity”) was dry 
docked on the Tyne, and extensive corrugations 
were found varying from 4 in. up to 2 in. in 
depth and extending over the half-length amid- 
ships. More extensive treatment of a similar 
character to the above war-time reinforcements 
was adopted extending oyer the half-length of 
the ship amidships, including the fairing of any 
corrugations above & in. in depth. In future 
this type of treatment will be standard in all such 
cases. 

Conclusions of design arising out of this paper 
will now be considered, in the hope that they will 
be of service in the crusade to attain the trouble- 
free all-welded ship. 


Correct Disposition oF MATERIAL ALWAYS 
RESULTS IN Economy.—<A point of design can be 
learned from the above cases of athwartship 
corrugations between the floors on the bottom 
shell, and double bottom tank top, plating, when 
under compressive stresses due to longitudinal 
bending. Naturally, the bottom framing and the 
top deck beams should be fitted longitudinally, 
and not transversely, and waviness will be pre- 
vented. Also the framing on the ship’s sides 
should be disposed vertically to take up the water 
pressures. 


Harcues anp Deck Girpers and the flowing 
of stresses. round hatch corners: Why not 
combine, as has often been done in riveted ships, 
the hatch coamings and the girders by fitting the 
latter on top of decks, and continuous with the 
former, right fore and aft? (See Fig. 15 (a).) 
This construction would also strengthen the hatch 
corners, as the deck plating there would be run 
through and radiused inside the square corner 
made by the hatch side and end coaming plates, 
It is good economical design to utilise parts of 
purpose, such as watertightness, for strength 
purposes as well. 


* For details. see Paper No. 5, Staff Association, Session 
1949-50, entitled ‘‘Ocean Type Vessels : Some Notes on 
Bottom Stiffening and Welding Procedure,’ by W. 
Ronald. 


At Harcn Corners, IF SQUARE, always. fit 
kidney pads. (See Figs. 11 and 16 (e).) For 
more than twenty years such small round welded 
plate pads have been used with satisfactory 
results. In a few cases where trouble arose, it 
was found that the welding had not been carried 
out in a proper manner. In one ease, two 
corners fractured through the pads, and on 
examination it was found that not only was the 
deck plating not veed in way of the corner, but 
the pad itself had only been slightly veed; con- 
sequently, instead of the total thickness of deck 
plating plus the pad (14 in.) being welded full 
depth to the coaming, there was only about 4 in. 
depth of effective welding. This example shows 
that great care is necessary in carrying out 
welding details. 


Regarding an actual ease (see Fig. 16 (c)), 
the ship was evidently working around the 
square hatch corner, where the fractures 
which developed were not in the electrically 
welded connections of the fore and aft deck 
girder webs to the continuous hatch end 
beam, but in the web plating near the 
ends of the deck girders. Note that these deck 
girders were cut right through by the hatch end 
beams, and although the individual deck girders 
were correctly designed to take their respective 
deck loads, yet the ship being a live structure 
in a seaway, distorting forces had occurred at 
this point. The natural remedy, as usually fitted 
in riveted ships, is to fit a diamond plate at each 
hatch corner which can, for a welded ship, be 
electrically welded to the underside of the flanges 
of the two deck girders and the hatch end beam. 


For tHe Design or Deep TANK BULKHEADS 
and similar structures, the adoption of a “grilled” 
system of stiffening would not only evenly 
dispose the material to take the actual stresses 
but the stiffeners which crossed the electrically 
welded butts would prevent distortion. For 
instance, a deep tank bulkhead could have the 
vertical stiffeners designed of smaller depth by 
fitting horizontally disposed steel flats or angles 
of equal depth toe-welded to the bulkhead and 
butt-welded to the vertical stiffeners. Such a 
system of crossing members would provide 
mutual support and stability at the points of 
crossing and also, as stated above, prevent dis- 
tortion at the plating butts. 


Connections at DousLte Borrom Tank MARGIN 
Prates.—It may be that the very effectiveness of 
welded connections may cause trouble, especially 
in a part of the ship’s structure where there is 


movement. One or two cases are known where 
the butts of the margin plates were made as 
shown in Fig 15 (ec), and the strap inside the 
margin plate fractured through movement. The 
margin plate butt edges should have been made 
close together, veed, and welded. In another 
ship, the bilge shell plates fractured where the 
margin plates were fillet welded direct to the 
shell. In such cases it would appear to be good 
design to introduce a slab plate between the lower 
edge of the margin plate and the shell plating 
to spread the incidence of the load and minimise 
the heat effect of the electrie welding, which is 
otherwise concentrated on too small an area. 
Alternatively a margin angle might have been 
used. 


With regard to the connections of margin 
brackets and the floors of the double bottom tank 
to the margin plate, this plate could be partially 
slotted so as to permit of inserting the margin 
brackets through it and buti-welding them to the 
floor plates inside the tank. This method was 
advocated in 1940 in a paper, which could be 
studied with profit, entitled “The Ideal Design 
of an All-Welded Ship,” by J. P. Wadling.* 


GirDER ENp CONNECTIONS AT BULKHEADS.—Mr. 
J. L. Adam read a paper entitled “Classification 
Societies and the Efficiency of Hull Structures,” 
in which he shows a good method for dealing with 
this matter. With his permission, two forms of 
girder connection are shown (see Fig. 17), and 
his comments given as follows:—“The most 
satisfactory way of making such a connection . . . 
would seem to be that in which the bracket plate 
is made continuous through the bulkhead, or, if 
large brackets are not fitted, the horizontal flange 
of the girder carried through the bulkhead, 
usually by fitting a short extension piece and 
lapping the girder flange to it.” See also actual 
case (b) (Fig. 16), where the electric welding 
fractured several times at the bracket connection 
to the bulkhead plating. The above method 
would have prevented the trouble. The method 
should be adopted where girders are very heavy, 
such as those having long spans in holds. 


LarGe TusBuLAR PILLARS’ CONNECTIONS AT 
DovusLte Borrom Tank Tops.—The base doubling 
plate should be properly designed, as shown at 
(b) Fig. 15, the doubling should have slot-welded 
connections to the tank top plating, and there 
should be a cireular fillet-welded hole in the 
doubling inside the pillar. Attention should be 


* See Transactions of the North East Coast Institution 
of Engineers and Shipbuilders. 
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given to the welding of the substructure members, 
such as floors, to the tank top plating below all 
pillars. 

GUNWALE ANGLES.—An effective arrangement 
is to fit the gunwale angle as shown in Fig 15 (d), 
with the deck stringer plate and the sheerstrake 
placed in the bosom of the angle and fillet-welded. 
This will provide a fine finish to the deck corner 
and avoid even the probability of fracture 
starting from the top edge of the sheerstrake. 


BripGe AND House PuatrinG (especially front 
plating).—To avoid buckling by the heat of 
electric welding angles should be fitted with 
flange to the plating and stagger-welded. This 
will avoid the buckles which show up after 
painting, especially on the launching day. 


ArHwartsHip Burrs or Higuuy STRESSED 
PLATING, especially at top decks of a ship’s 
structure, should be kept clear of the deck beams, 
so as to ensure the best possible veed butt with a 
good sealing run below. 

Ix Swett or Deck PuarinG, where circular 
holes for portlight or ventilators or other 
purposes are required, get their positions fixed 
in the drawing office as soon as possible so that 
the athwartship welded butts may, if possible, 
be arranged clear of all such holes. 


Arms Or PROPELLER “A” BRACKETS.—Where 
they penetrate the shell plating, electric welding 
is a simple job for ensuring watertightness 
instead of “studded” collars, which weaken the 
arms. 

If the question is asked “Is the electrically 
welded ship a safe ship,” the reply should be 
“Yes, provided she is properly designed; that 
is, with the steel material properly disposed to 
take the stresses and to counteract any distortion 
effect of electric welding.” Up-to-date, designers 
have gradually been learning how to remedy any 
faults of design, such as given in some of the 
typical cases shown in this paper, which have 
emerged as the welded ships grew older. 

Given good design, the great need is’ then to 
have good welders. To help them to produce 
good welding, the following additional points of 
design should be noted :— 

(1) The number of joints should be as few as 
possible, which therefore involves the use 
of large plates. 

(2) As down-hand welding is the simplest and 
most effective, the size of sub-assembly 
panels should be such that the yard cranes 
ean turn them over. 


(3) Large lightening holes should always be 
arranged in double bottom floors and inter- 
costals, and in any other confined spaces 
to provide accessibility for welding. 


(4) Symmetrical section material should be used 
wherever possible, especially at highly 
stressed parts, so that the forces will be 
stable in the plane of the pull. 


(5) Butt welding ensures that the forces lie in 
the same plane, and should be used at the 
places of greatest stress, such as the top 
deck plating and bottom shell plating. At 
other less stressed places, lap joints may be 
used to facilitate easier erection and align- 
ment, and there is some economy in this 
method because the plates require no veed 
edge preparation. 


(6) Joints should always be made with just 
enough welding required for strength, as an 
excess causes greater heat, and therefore 
unnecessary distortion and concentration of 
stresses. In addition, excess welding is 
uneconomical. 


(7) Two vees should ‘always be used in butt vee 
joints to balance the amount of welding. 
A plate always turns towards the side where 
the electric welding is being laid down, 
hence the reason for the above balance of 
welded material and heat. 


(8) Square corner openings should never be 
cut, as they are potential starting places 
of fractures, especially in decks furthest 
from the neutral axis, where the highest 
stresses are experienced, Even if a seem- 
ingly minor hole, such as for a square 
cornered ventilator hole, has been eut in 
a ’tween deck by mistake, and not being 
required, is being blanked off by a welded 
plate, care should always be taken to round 
the corners, even at the cost of a larger 
hole, before fitting the welded blank. 


(9) Should there be any “hard points” where 
rigidity is undesirable, such as happens 
sometimes at a flanged bracket, some flexi- 
bility can be given by throating the bracket. 


The welded ship designer’s aim in structural 
design should be to avoid discontinuities or 
abrupt changes of section as far as possible. 


Mrxep Riverep AND Wetppp WorKk.—The 
different combinations of welded deck, shell and 
double bottom tank top butts with riveted 
landings are well known at the present stage 


of shipbuilding evolution. Everyone is grateful 
for welding’s help in oil and watertight work, 
but it is not proposed to go into these matters 
in great detail, beyond mentioning a few points 
in new ships. 


The fundamental principle is to ensure that the 
rivets can actually do their designed work, and 
not introduce welding, which, taking up a load 
instantaneously, often prevents the rivets taking 
up their part of the load at all. Only one 
example is given, but similar ones are, unfor- 
tunately, common. (See Fig. 17 (a).) In the 
ease referred to, the end of the deck girder was 
connected to the W.T. bulkhead by a riveted 
bracket, but the wide bottom flange of the girder 
was not connected to the bulkhead by means of 
a riveted lug, which would have been desirable 
in order to preserve the same riveted type of 
connection throughout, but the flange was elee- 
trically welded to the bulkhead instead. This 
mixture of riveting and welding should be 
avoided, especially in the case of long spanned 
deep deck girders in holds. 


A second example (see Fig. 16 (d)) shows a 
centre line double channel pillar which gave 
trouble in a deep tank. The pillar foot was 
electrically welded to the double bottom tank top 
plating but the welding crossed the rivets in the 
horizontal flange of the centre girder top starboard 
angle; the heat of the welding slackened these 
rivets. Later, because of these slack rivets, and 
during the testing of the deep tank under water 
pressure, the double bottom tank top plating 
pulled up, as also did the deep tank top, because 
of movement in the pillar. On investigation, it 
was also found that the edge of the pillar had 
been kept off the centre line to avoid the radius 
of the centre line deck girder flange at the top 
of the deep tank. It should be noted that the 
angle bars underneath the pillar should have 
been welded to balance the pull of the pillar. 


In corclusion, the Author would like to refer 
to a remark made to him which shows great 
prejudice against welded ships; this was “A 
welded ship is more likely to crack than a riveted 
ship because it is more rigid.” If this statement 
is true, then welded ships are not being properly 
designed. 


The use of good materials, the practice of good 
workmanship and skilful welding, together with 
design based on experience and knowledge will 
remove the prejudice against welding. 
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DISCUSSION ON MR. A. M. KENNEDY’S PAPER 


LESSONS FROM WELDED SHIPS’ STRUCTURAL 
FAILURES AND REPAIRS 


MR. G. M. BOYD. 


Having been steeped in this subject for the past 
seven years or so, and having read innumerable 
‘articles and papers of this kind, containing 
masses of good and bad advice as well as innumer- 
able theories, also good and bad, I do not consider 
myself a very suitable person to open this discus- 
sion. Being so close to a subject tends to make 
one hypercritical, and one gets a little tired of 
hearing the same things over and over again. I 
must, however, resist this feeling, because these 
things are so important that they must be 
continually reiterated, and in this respect the 
paper is very valuable. The canons for welding 
ship construction, stated in other words in the 
paper, are :— 


(1) Avoid notches and discontinuities in every 
shape and form, however small. It is no 
use saying “we have not had trouble with 
this or that detail.’ Avoid them anyway. 


(2) Ensure sound welding: good workmanship 
and supervision are essential. 


(3) Use tough steel. It is more important 
that the steel should be noteh-tough in 
welded than in riveted construction, al- 
though noteh-brittle steel is bad in either 
case. 


Coming now to some details in the paper: on 
page 2 (middle of left-hand column) “shearing” 
is misspelt, and I am not clear what is meant by 
“bending moment and shearing force combined.” 
Will the Author please elucidate? 


Page 3 (right-hand column). I would be glad to 
know how many of these doublings (modified 
“crack-arresters”’) were fitted, and to which ships, 
so that we can watch their performance. 


Page 6. Why name the “Teespool” and not the 
other ships’? It would be useful if the other 
ships could also be named. Guidance for the 
proper treatment for bottom corrugations has 
been given in various circulars, but cannot be 
regarded as “standard.” 


Page 6 (Hatches and Deck girders). The 
suggested system is typical of the N.3 ‘Baltic 
Coasters,” in which several fractures in the 
girders are on record. 


Page 6 (Deep Tank Bulkheads). It is not 
clear how the vertical stiffeners can be reduced 
by welding horizontal flats or angles to the plating. 
These horizontal members would be of little 
value as parts of a “‘grillage,” but would, of course, 
stiffen the plating locally. 


Page 7 (top left). The “slab-plate’” would 
increase the amount of welding and the fitting 
difficulties. 


Page 7 (bottom left). The statement that 
“the above method would have prevented the 
trouble,” and similar remarks elsewhere in the 
paper denote a remarkable confidence. The 
study of a very large number of cases suggest that 
such predictions cannot be made with certainty. 


Page 7 (Gunwale Angles). The detail, Fig. 
15d, would be difficult to weld properly. 


Page 8 (item 9 and bottom right). Terms 
such as “rigidity,” “flexibility,” “give,”’ and so on 
are often used very loosely. The Admiralty 
Ship Welding Committee experiments disclose 
no significant difference in the flexibilities of 
comparable welded and riveted ships. It must 
be remembered that in riveted construction the 
aim is to achieve continuity and rigidity. If flexi- 
bility is a good thing it should be purposely aimed 
at, but there is no evidence to support this idea. 
The danger from “hard spots” is not their 
rigidity, but their discontinuity. A ship 
structure differs from a land structure in that 
there are no foundations to which the loads must 
be transmitted. The structural principle that 
all the loads must reach the foundations should 
be replaced in the case of ship structures by the 
principle that all stress-trajectories must form 
a close circuit, This means that stresses cannot 
be “wished away” by “softening” and similar 
vague notions. They can, however, be distri- 
buted, provided the continuity of the closed 
circuit is maintained. 


MR. H. J. ADAMS. 

This excellent paper is most welcome since 
the release of information regarding the failures 
and successful repairs and successful design 
details of welded ships is essential if this method 
of ship construction is not to lose favour and be 
discontinued. 


In a considerable number of mechanical tests 
from damaged material which came to the notice 
of the writer there was no case in which the 
requirements of the Society’s Rules were not 
complied with. Chemical tests are in a different 
category and there is little doubt that notch 
brittleness is a potent factor in failures. 
Research on this is virtually in its infancy and it 
is idle to speculate how future discoveries will 
affect the quality of the steel recommended as 
most suitable for welding. 


Turning to the last two figures in the paper 
it is difficult to understand why the flanges of 
the deck girders should be welded to the bulk- 
heads. With large brackets as shown attach- 
ment of the flanges to the bulkhead is unnecessary 
even by riveted lugs as suggested by the author 
while welded attachments may induce fractures 
in the bulkhead. This is more evident if one 
considers that a flange of say *60” in thickness 
or a face plate of perhaps 1-00" will be welded to 
bulkhead plating only -26” or -30” thick. If the 
flange is sniped back and a tripping bracket 
placed at the bracket toe the girder will be fully 
efficient. It is agreed that the most efficient 
method of arranging girder brackets on both 
sides of a bulkhead is to pass the double bracket 
through the bulkhead and to weld around it. 


Referring to Fig. 15(d) it is always unsatis- 
factory to place welds in the bosom of a bar as 
poor access makes it difficult to carry out efficient 
welds in the positions shown. This is particularly 
true of the design indicated since any defect in 
the inside welds may lead to a notch effect at 
the edge of the deck stringer or sheerstrake with 
the resultant danger of starting a fracture. 


Hatch corners are always a difficult problem 
and while there is much to be said for continuing 
the coaming past the corner owners are reluctant 
to have these obstructions on the deck. It is 
noted that all the sketches in Figs. 11 and 12 
show sharp corners in the deck plating. Most 
-of the troubles associated with hatch corners are 
avoided if the deck plating and doublings are 
provided with radius corners and it is the writer’s 
opinion that such rounding of the corners obviates 
the necessity of fitting kidney plates. It is a more 


expensive construction, but if the coamings 
around the hatchway were welded to the upper 
side of the deck plating and the girders below 
welded to the lower side many difficulties would 
disappear, since the corners may be rounded to any 
degree designed and the shape of the coaming can 
follow that of the opening (see following Figure). 


HATCH COAMING 


DECK 


GIRDER 


Rule 8, on page 8 of the paper, is one of the 
most important requirements in welded ship 
construction. 


Bilge keels are a source of danger as stated by 
the Author. The precautions mentioned are 
agreed with but it is suggested that, in the case 
of large tankers consideration should be given to 
the omission of bilge keels altogether. These 
vessels usually have a very full bilge and are stiff 
in a seaway so it is not apparent that bilge keels 
of the depth usually fitted can have very much 
value. 


While agreeing with the Author that excess 
welding is harmful the writer is not sure that the 
argument regarding the dangers of greater heat 
should be pressed too far. One modern school of 
thought advocates the use of the largest possible 


Land 


electrode with high current as opposed to numer- 
ous runs with small electrodes, therefore putting 
greater heat into the job. Further the great 
heat induced by certain types of automatic 
welding does not appear to lead to trouble. 


The Author’s nine points for good welded 
construction cover the ground very well but No. 7 
is impossible of fulfilment. In any case a butt 
weld which cannot be turned over will almost 
certainly be a better job if veed out from above 
to allow of downhand welding, a sealing run, 
after cutting out, being applied overhead on the 
back, than if half the welding is done overhead. 
Pre-setting can be used to avoid distortion. 


The writer fully agrees with the need for good 
design which, together with good workmanship 
are fundamentals of suecess in welded construc- 
tion as indeed they are_in all shipbuilding and 
engineering projects. The additional requirement 
with welding is attention to the sequence of 
operations. 


I should like to express my thanks to the 
Author for this most interesting contribution to 
the papers of our Staff Association. 


MR. A. JAMESON. 


Mr. Kennedy, in his paper, has recorded 
numerous examples of the various types of 
damages sustained by the largely all welded 
“Liberty” ships, which at one period were so 
frequently met with as to become commonplace. 


In the majority of the cases in which fractures 
occurred it was possible to trace the starting point 
to some notch or discontinuity, and in addition to 
effecting the necessary repair attention could 
also be given to eliminating the cause, as shown 
in the paper. This, however, was not always the 
case, and on more than one occasion I encountered 
fractures in the topsides which commenced and 
finished in virgin plating. 


When these fractures first appeared it was 
thought that locked up stresses, local. design 
details and poor workmanship were the main 
underlying causes, but subsequent experience 
seemed to indicate that the quality of the steel 
was not entirely free from suspicion. On the 
occasions when it was possible to obtain samples 
for testing, the test results usually compared 
fairly well with classification requirements. 


When carrying out surveys on these ships I 
noted that whereas the practice in the U.K. was 
usually to insert a piece of new material as shown 
in Figs. 11, 12, and 13, many fractures previously 
dealt with had been repaired by just drilling 
holes at the ends and welding the fractures 
without the addition of new plating. 


With regard to the damages to the T2 tankers 
quoted in the paper; I am somewhat surprised 
that Mr. Kennedy has not included the fracturing 
of the bulkheads. These are still common today 
and are usually repaired in a number of standard 
ways, none of which seem to be completely 
satisfactory, and the Author’s experience with 
these would be appreciated. 


Improvements in design, welding appliances 
and technique have, of course, been made since 
the early days of the war, and probably more 
research has been undertaken during the last ten 
years than in any other period of the industry’s 
history. In spite of this, however, damages 
similar to those shown in the paper still occur and 
when designing- structures for welding I think 
that sometimes it would seem to be designed 
for ease and speed of building rather than for 
efficiency in service, 


With regard to the mixture of welding and 
riveting used in the repair shown in Fig. 9, [| would 
expect the margin plate in way of the tank side 
bracket to be troublesome unless the heel of the 
tank reverse frame under was welded in way of 
the bracket. 


AUTHOR’S REPLY 


I have listened with great interest to the items 
raised in the discussion on the paper, which will 
enhance its value, and am grateful to the several 
contributors. 


To Mr. G. M. Boyp. 


Regarding Mr. Boyd’s contribution, the three 
reasons he gives express very well the gist of the 
paper; and I am sure we also feel indebted to him 
for resisting feelings of fatigue—a state not 
uncommon in the reading of technical papers— 
and once more joining in the crusade for better 
welded ships. 


Now to his points: He does not find my 
meaning clear as regards the phrase “bending 
moment and shearing force combined,” and 
perhaps it is otherwise better expressed by stating 
CPR aye it indicated the probability of a high 
value for bending moment and a maximum value 
for shearing force............ 


I am unable to state how many ships were 
fitted with the alternative rivetted doubling 
method of “crack-arrester,” and this information 
can only be obtained from the records of the 
Classification Societies. 


The “Teespool” was specially mentioned as 
being a prototype of things likely to happen to 
this type of ship, and the repairs effected were 
described in Mr. Ronald’s paper presented to this 
Society, entitled “Ocean Type Vessels : Some 
Notes on Bottom Stiffening and Welding 
Procedure.’ 


I consider that the Lloyd’s Register Circular 
giving guidance as to the proper repair treatment 
of bottom corrugations, is regarded by most 
shipowners, shiprepairers and technical people, 
as providing an authoritative standard. 


Mr. Boyd mentions fractures in the “above- 
deck” girders of the N. 3 “Baltic Coasters,” but 
does not state where these occurred, and I am still 
to be convinced that my suggested method for 
such deck girders is unsatisfactory. 


Regarding the “grilled system” of stiffening 
deep tank bulkheads, this is a well established 
form of construction applied both by Naval 
Architects and Civil Engineers. Provided both 
horizontal and vertical stiffeners are designed to 
take their respective loads the method could 
equally well be applied to bulkheads. 


Admittedly the fitting of a slab plate below 
the lower edge of a margin plate would increase 
the amount of welding, but should any increase 
of fractures to the bilge shell plating take place, 
thus indicating that the present system of direct 
welding is unsatisfactory, then some alternative 
method of attachment would have to be provided, 
and the “slab”? method is suggested as such an 
alternative. Any suggestions made for methods 
of preventing trouble, while not infallible, are 
based on long experience. 


The detail on Fig. 15 (d) will be dealt with in the 
reply to Mr. Adams. 


How often in ship design do we wish we could 
attain to the ideal of a closed cireuit of construc- 
tion, but have to “make do” with something far 
short, hence discontinuities and resultant “hard 
spots.” 


As far as I see the ideal of the welded ship 
designer, it could be described by the following 
analogy—The ideal of structural design is to 
visualize the stresses flowing from point to point 
as gradually as possible, on much the same prin- 
ciple as a casting is designed, where thick massive 
parts are not suddenly joined to thin slender parts 
but each part merges gradually into its adjacent 
part, thus ensuring the least strain and, therefore, 
the least stress. Ifa casting were not so designed, 
shrinkage cracks would develop as the casting 
cooled. Similarly cracking in welds at badly 
merging parts of a ship could also be expected. 


To Mr. H. J. Apams. 


I agree with Mr. Adams that the release of 
information about the failures and the successful 
repairs of welded ships is essential to progress, 
and I had this idea in mind, when embarking 
on the writing of the paper. 


On the subject of the quality of ship steel 
suitabie for welding, this Society has now issued 
Circular No. 1949, which lays down the qualities 
and constituent properties which are considered 
essential in this respect. 


Regarding Fig. 17 (a) and (b), | agree with Mr. 
Adams that the most efficient method of fitting 
brackets on both sides of a bulkhead is to make 
both brackets continuous through the slotted 
bulkhead, and finally weld the slot, for water- 
tightness. One reason for connecting the flange 
of a deck girder to the bulkhead is to help to take 


up the shearing forces there. British Corporation 
Rules, Table 16G, call for such arrangements, 
where the girder edge flange is 15 inches wide and 
over, as might be required for long spans in holds. 


Mr. Adams’ reference to the deck corner angle, 
Fig. 15 (d), as giving bad access for the welder, is 
agreed with, and, no doubt, a better job could be 
made by fitting the angle inside the corner and 
welding the stringer and sheerstrake plating 
externally thereto. 


We are in agreement as favouring -rounded 
hatch corners, as shown in Fig. 15 (a), where the 
placing of the girder above the deck permits 
the insertion of the deck plating through a slot 
in the girder at the hatch corner, and the round- 
ing same, inside the corner. Not all owners are 
reluctant to fit such girders on the top of 
decks, and some have employed this arrangement 
in riveted ships, with great success, over a long 
number of-years. 


The sketches in Figs. 11 and 12. indicate 
vessels built during the war, and it was the 
experience with this type of corner that proved 
the advisability of fitting rounded corners. Mr. 
Adam’s suggested method, as shown on his sketch. 
is satisfactory, provided the under deck welding 
is accessible and can be properly carried out. 


Regarding his suggestion that consideration 
should be given to the omission of bilge keels 
from oil tankers, because of tankers’ “stiffness.” 
I would not advocate such an idea, because bilge 
keels, of whatever depth, are worth fitting, 
especially as “stiff” ships roll much more than 
“tender” ones. 


The question of large versus small electrodes 
seems to be veering in favour of the large electrode, 
Regarding the dangers of greater heat, and the 
particular type of electrode to be employed, each 
particular job can be assessed on its merits, but 
the important thing is not, necessarily, the total 
heat, but the balance of heat, especially in cases 
of heavy seantlings. 


Respecting point 7 on page 8 the ideal butt 
weld is the use of two vees, and this is not 
impossible of fulfilment, as stated, but should 
be used, especially in the case of heavy plates, 
as its adoption ensures less distortion, because 
there is that desired balance of heat, referred to 
in the preceding paragraph. This type of butt 
weld is used successfully in a large yard I visit. 
Consider such butts in all “IN” and “OUT” 
strakes of the shell bottom plating. The upper 
vee is about two-thirds of the thickness of the 
plate in depth and of 60° included angle, and the 


lower vee is of one third plate thickness and. of 
60° to 90° included angle, according to the thick- 
ness of plating. There is a 4” root face and an 
*” gap, where the vees join. The welding 
procedure is :- Half the welding laid down in the 
upper vee, then a half-rounded nosed tool dug into 
this welding from below and the lower vee 
welding completed, finally returning to the upper 
vee and welding the remaining upper half. 
Such butts are also used on straight side shell 
plating, but, in this case, the larger vee is put 
inside at “IN” strakes, and outside at “OUT” 
strakes. 


I am finally obliged to Mr. Adams for drawing 
attention to an additional requirement with 
welding, and this, I agree, is “the sequence of 
operations.” 


To Mr. A. JAMESON. 


Mr. A. Jameson truly remarks that the various 
types of damages to the largely all welded 
“Liberty” ships were, at one period, so frequently 
met with as to become commonplace. This 
was the reason, when writing my paper, for using 
only six cases of damaged ships which were 
representative of the many types of damage, 
so as to avoid repetition. 


Regarding Mr. Jameson’s point about 
“fractures in the topsides which commenced and 
finished in virgin plating’’, I agree that the quality 
of the steel was probably the cause of the trouble. 
which—quoting from paragraph 3 of the 
Admiralty Ship Welding Committee’s Interim 
Report on page 3 of my paper—‘‘ocecurred at 
relatively low temperatures.” The other 
paragraphs of this same report endorses Mr. 
Jameson’s experience and _ findings, especially 
paragraph (6), which may give the clue to the 
cause of the trouble. See also my reply to Mr. 
Adam’s point on the quality of ship steel suitable 
for welding. 


The British practice of inserting new steel 
material, as shown in Figs. 11, 12 and 13, and 
exemplified in several of the examples given in the 
paper, is a good one, because it breaks up the 
continuity of a long fracture which extends over 
several strakes and, in addition, permits the use 
of good procedure welding. The drilling of a 
hole at the ends of a fracture, which is to be 
“veed”” and welded, is a good idea in many cases. 


References to fractures in bulkheads of T.2 
tankers were not included because of being beyond 
the province of my war-time experience, except 
where due to damage. The treatment of 
tankers’ internal troubles has been well covered 


in the many papers read before the technical 
associations, to which I would refer any earnest 
seekers after further information on this subject. 
Three papers which I have found stimulating 
were (1) “Structural Design of Oil Tankers” by 
J. L. Adam (Vol. 59 Transactions of North East 
Coast Institution of Engineers and Shipbuilders), 
(2) “Notes on Welding in Swedish Shipbuilding” 
by H. J. Adams (Paper No. 6, Session 1947-8, 
Lloyd’s Register Staff Association), and (3) 
“Some Essentials of Upkeep Surveys of Oil 
Tankers,’ by G. R. Edgar, (Paper No. 6, Session 
1950-51, Lloyd’s Register Staff Association). 


Regarding Mr. Jameson’s penultimate para- 
graph, I agree that since the early days of the war, 
there have been “improvements in design, welding 
appliances and technique,” due, in great measure, 
to the analysis of such cases and their causes as 
have been considered in the paper. If similar 
damages still occur, then we must carefully 
scrutinize every new welding design in the light 
of our accumulated experience, and not be 
tempted to adopt some idea which may give 
ease and speed of building rather than efficiency 
in service, as Mr. Jameson suggests may some- 
times happen. 


No doubt shipbuilders will make welding 
proposals which will be governed, naturally, by 
their yard facilities, but it does not follow that 
they will be inefficient in service on that account. 
Here, the Classification Society can co-operate in 
fulfilling its function of ensuring a good welded 


structural design by checking any submitted 
proposal, amending it if necessary, or suggesting 
a new scheme, based on their wide experience. 
This co-operation will ensure increasingly better 
results. 


The answer to his last paragraph is that because 
the reverse bar under the tank top in way of the 
frame brackets had been doubled and the rivet 
pitch closed up in way, no trouble was expected. 
Fig. 9, I admit, is not clear as to the reverse bars 
being double under the brackets. Naturally 
this would prevent access for welding at the heel 
of the reverse angle. 


A point which is not raised by any corres- 
pondent, but which did emerge in the discussion, 
was the concern surveyors felt in adequately 
coping with the larger amount of important 
survey work, which the electric welding of ships 
entails, as compared with the relatively less 
survey work in riveted ships, where inspection 
methods are simpler. While it is true to say 
that classification surveyors have the valuable 
co-operation and help of a yard’s welding inspec- 
tion staff, and are not, probably, expected to 
watch every routine weld detail, yet one cannot 
be sure if this explanation would be accepted as 
exonerating them in a court of law inquiry into a 
weld defect, found in an electrically welded ship 
It may be that they might be exonerated on the 
ground that the defect was latent. 


In conclusion, I would like to thank all who 
attended the discussion and for the kind recep- 
tion which they gave to the paper. 
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MODERN FOUNDRY PRACTICE 


By T. W. BUSHELL 


N view of the amount of literature available 
on the Subject of Foundry Work and 
equipment, most of it written in the last 

Thirty years or so, the title of this paper 
probably sounds rather ambitious. It is quite 
impossible, of course, to attempt to give anything 
like a comprehensive survey of Foundry equip- 
ment, methods and technique within the range 
of a small paper such as the present one. 


It is my intention, therefore, rather to 
emphasise the main changes in methods, 
materials and treatment which have taken place 
during the present century rather than to 
deseribe in detail the present day Foundry. It is 
intended, however, to give some deseription of the 
latest examples of Melting and Heat Treating 
equipment with which Foundries are now 
furnished, details of how some of the eastings 
are produced and to indicate briefly some of the 
difficulties liable to be met. For those specially 
interested, of course, details of day-to-day 
improvements in equipment, methods and tech- 
nique are available in the technical press, 
particularly those sections dealing with Foundry 
matters, and in the various publications of the 
Foundry Institutes and Associations. 


It is probably as well to make it clear-at this 
early stage, that the views given and the opinions 
expressed are purely personal, based, as they are, 
on personal experience and observation. As a 
result you will probably find a lot with which 
you will not agree, a lot with which some 
Founders will not agree, and a lot with which 
some Metallurgists will not agree. 


During the early years of this century the 
Steel Foundry generally boasted only two speci- 
fications “Soft” and “Hard”, the latter being 
deseribed by the higher-sounding name of 
“Wearing Quality”. This grade was specified 
and used for all kinds of items where resistance 
to “rubbing” or abrasion was the primary 
requirement, such as Gear Wheels and Pinions, 
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Brake Drums (when not specified in Cast Iron), 
Bearing Bars and Guides, Brackets and similar 
articles requiring somewhat greater tensile 
strength and hardness than was available in the 
soft grade. The “Soft” quality covered practi- 
cally all other requirements in Cast Steel. Inside 
these two divisions, of course, were many speci- 
fications, most of them superfluous, as they all 
or nearly all, overlapped each other, and it was 
then general for all the Railway Companies, of 
which there were many, all the Consulting 
Engineers, all the Government Departments and 
in addition many of the larger Industrial 
Concerns, to frame their own, although probably 
more than 95 per cent of them came within the 
range 26/35 tons tensile, or alternatively 35/40 
tons. Perhaps it will be of interest at this stage 
to examine the Rules for Steel Castings of a 
bygone day. In the Society’s “Rules and 
Regulations for 1905-6”, amongst other items 
we find the following “Solid Cast Steel Rudders 
of approved manufacture, and satisfactorily 
tested, will be admitted, if the particulars of such 
rudders, in the first instance, be submitted to and 
approved by the Committee”. When Cast Steel 
stern-frames, rudders, steering quadrants, and 
tillers are fitted they must be subjected to 
percussive, hammering and mechanical tests, in 
the presence of one of the Society’s Surveyors, 
so as to insure the material being of ductile 


quality. Sketches of the proposed castings are 
to be submitted for the approval of the 
Committee”. 


“The tests to be as follows:— A tensile test 
is to be made on a piece taken from each casting, 
and the extension on a length of 8 inches is not 
to be less than 8 per cent, and the tensile strength 
not less than 28 tons nor more than about 
35 tons per sq. inch”. (I rather like the “about” !) 
“A cold bending test is also to be made 
corresponding to each tensile test, the sample 
to be 1 inch square and to bend eold before 
fracture through an angle of at least 90°.” The 


drop and hammering tests were also specified, 
with the proviso, still retained, that where the 
drop test was dispensed with two tensile and 
two bend tests should be made from pieces east 
as far apart as possible. 


“For shafts or parts of shafts, and for 
purposes for which forgings are ordinarily 
employed, the material must also be subjeet to 
the following tests :— 


A tensile test is to be made from a piece taken 
from each casting. The tensile strength is not 
to exceed 30 tons per sq. inch, and the elongation 
is not to be less than 10 per cent in a length of 
8 inches, and a cold bending test piece, turned to 
1 inches dia. or planed ‘to 1} inches square, is 
to be capable of being bent without fracture, 
through an angle of 90° over a radius not greater 
than 13 inches. 


“All castings are to be thoroughly annealed”. 

“Annealing—Each anchor must be properly 
and sufficiently annealed, and when so annealed, 
shall be stamped “annealed steel”. | Annealing 
is not to be regarded as proper or efficient, 
unless the process extends from three days for 
small anchors, up to six days for large ones”. 
There is also, on page 136 of these Rules, a 
copy of a letter issued on the subject of cast 
steel anchors. Although I am not quoting it, 
it will pay well any colleague who goes to the 
trouble of looking it up. 


By 1908 the Specifications for Steel Castings 
were becoming more comprehensive. Professor 
Unwin had completed his researches on the 
relationship between form of test piece and 
elongation early in the 1900’s and the Admiralty 
Specification for Steel Castings at this time 
called for a tensile strength not less than 28 tons 
per sq. inch with an elongation of at least 23 per 
cent on 2 inches. The bend test specified was 
on a 1 inch square specimen which was required 
to bend through 90° over a 1-5/8 inches radius 
for material of 28 tons tensile, falling to 60° 
at 35 tons tensile. It was further specified that 
for “intricate thin castings the extension in 
2 inches is to be at least 10 per cent and the 
bending angle is to be not less than 20° at 28 
tons tensile and 15° at 35 tons tensile”. Test 
pieces were to be taken from each easting and a 
drop test was also specified. The Proviso 
regarding thin eastings is rather interesting as 
showing the belief that, like Cast Iron, plain 
carbon cast steel was prone to be rather harder 


in the thin sections than in thick. Even at this 
early age we also find it laid down. “It is to 
he distinctly understood that contractions or 
defects in steel castings are not to be made 
good by patching, burning or by electric welding, 
without the sanction of the Admiralty 
Overseers”. Apparently the Foundries had 
already discovered the value of the Repair 
Department. 


Tt will be appreciated that whilst great 
advances have been made in technique, methods 
and materials, the basie principles of Foundry 
work and good Steelmaking still remain the 
same. It is perhaps, not out of place to say 
here, that the making of good Steel and good 
Castings is an art, and whatever the scientific 
advances made or the application of scientific 
methods and adjuncts may be, it will always 
remain, in fact, an art. 


Science can and will be increasingly applied 
to aid those engaged in production but, in my 
view, whatever may be the applications and 
advances in the way of scientific control, 
Foundry work can never be reduced to an exact 
science, it can only remain a combination of 
Science and Art. As an example of unchanging 
principles, for instance, the following appears 
in an ancient note-book of mine :—“AlIl Castings 
are annealed for the purpose of relieving strains 
and especially for breaking down the coarse 
structure of the Cast Metal into a fine grained 
homogeneous mass. It is accomplished by 
carefully heating the Casting to a temperature 
in the vicinity of its upper critical point 
(generally about 850°C.) thorough soaking at 
that temperature, followed by slow cooling. The 
time factor is governed by the weight of the 
charge and the size of the furnace, the average 
time occupied being between 4 and 5 days from 
the time of charging to drawing out”. 
Comparing this with the paragraph on annealing 
already quoted it would appear that science was 
already starting to make its contribution. 
Temperatures and reasons for a particular action 
are being quoted! 


Generally, that holds good to-day (although 
some people would no doubt like to argue on 
the question of temperature, there being a 
tendeney to use higher figures to-day) and the 
wise Founder, I think, whatever his subsequent 
treatment is to be, still carries out his annealing 
treatment for the purposes stated. 


Quoting from the same _ note-book, the 
following two items may be of interest 
as showing the composition, treatment and 
Physical Properties of the two grades of 
Steel referred to :— 


SOFT GRADE. 


Ramway WHEEL CENTRES. 


Analysis— 

Cc. Mn, Si. Treatment. 

25 53 30 Annealed 850° C. 
Specification— 

Maximum stress. Elong Bend. 


26 tons/sq. in. 15% min. 90° min. 


Test Results on 2” & +564” dia.— 


Maximum 
stress Elong. Red. of Area. Bend 
30-8 30-5 50% 130° 


HARD GRADE (WEARING QUALITY). 
BEVEL Pinton BLANKS. 


Analysis— 


C. Mn. Si. Treatment. 
43 “59 +25 Annealed 850° C. 
Specification— 
Maximum stress. * Elong Bend. 


10% min. none 
specified 


35 tons/sq. in. 


Test Results— 


Yield Maximum Elong. Red. of 
Point. stress. on 2”, Area. 
20-0 36-0 18-5% 21-6% 


It is interesting to note that the same 
Annealing temperature is quoted for both steels, 
of -25 per cent Carbon and -43 per cent Carbon 
respectively, although the change point of the 
two steels varies by approximately 50° C., being 
in the region of 830°C. for the -25 per cent 
Carbon and 780°C. for the -43 per cent Carbon. 


Jt will be noticed that Sulphur and Phos- 
phorus figures are not given but the material was 
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Acid Open Hearth Steel and both elements would 
be under -05 per cent as this figure was the 
maximum permitted for any specification in the 
works. In those days it was not necessary to 
analyse for residual elements such as Nickel, 
Chrome and Copper, their day had not yet 
arrived, and to mention Aluminium in the 
Foundry was a certain method of raising a 
storm of abuse—I remember well on one occasion 
suggesting its use! I suppose a great many Steel 
Foundries to-day would be far from ashamed 
to reproduce the figures for the “Soft” quality 
quoted above whilst although the composition of 
the “Hard” Grade has undergone changes, as 
will be seen later, even these test figures are 
sometimes found difficult to improve on, in spite 
of the advances made. 


As regards equipment in those earlier days, 
the melting furnaces in the larger works, in 
the Sheffield area, were almost invariably Acid 
Open Hearth, although one or two local Steel 
Works used the Tropenas Converter in their 
Foundry Departments. Outside Sheffield the 
Converter was, I believe, in more general use 
for Steel Castings whilst a few small Foundries 
both in Sheffield and elsewhere, making 
specialised lines, still made their small castings 
from “pots” melted in the “Crucible” furnace. 
The Electric Furnace had not yet attained the 
dignity of inclusion in “Foundry Equipment”. 


“Heat Treatment” was carried out in larger or 
smaller coal, or occasionally coke, fired furnaces, 
all hand stoked, the only mechanical aid being in 
the “carriage” type of furnace where the floor 
could be drawn out for charging. I don’t think 
anyone at this time pulled out the heat at 
temperature as in the “normalising” operation 
which was to come later, although Text Books 
were already showing photomicrographs of steel 
in what was ealled the “normal” condition. The 
gas fired annealing furnace, which had been 
installed in the works of some of the Tool Steel 
Makers, a few years previously was, I think, 
considered to be outside the range of Foundry 
Equipment, although it was already making: its 
appearance in some works rolling armour plate. 
Some Malleable Tron Founders were using a 
“simple type of Gasfired furnace” and oilfired 
annealing stoves had been designed having 
burners at “each of two opposite corners”, but 
their day also was not yet. In the works making 
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the larger castings the “pit” type furnace was 
general, especially for large Ship Castings—in 
view of the convenience of this type in dealing 
with very large items, it has persisted to the 
present day. 


The Sand testing Laboratory was a dream of 
the future for most works, and the man who 
looked on all new fangled ideas such as a Sand 
testing machine as playthings, only for the 
theorist, the unpractical and the easily-deluded 
youngster, still held sway in some works. 
(Perhaps that, too, is something which has 
persisted, in a measure to the present day!) 
Most Foundrymen, indeed, were content to take 
up a handful of sand, squeeze it, break it up 
and examine it—that was all the testing they 
considered necessary, and it must be admitted, 
generally their judgement was as nearly correct 
as the Crucible Steel Maker, who, looking at a 
fracture would say “-90 carbon” and be within 
‘Ol per cent either way! One ean still see a 
new load of sand being tried out by the ex- 
perienced moulder in this manner. Sand sifters 
and mixers, however, were already well estab- 
lished and core making and moulding machines 
had been in existence for a number of years, 
patents in connection with them having been 
taken out as early as 1879. Naturally, they 
have greatly increased in scope, in size, and in 
power, although the basic principles of operation 
are in many cases the same as in the early 
machines. During the middle of the Nineteenth 
Century, Dr. Sorby, of Sheffield, had applied the 
microscope to the study of Geological Specimens 
and later used the technique he had developed to 
the study of Tron and Steel. These early experi- 
ments of his were the foundations on which 
nearly all subsequent advances in Metallurgy 
have been based. The 1914-18 war gave the 
necessary incentive to the search for newer and 
stronger materials and greater output, and in the 
carly 1920’s we find a growing demand for Cast 
Metals having superior properties to those then 
available. By 1915 for instance The American 
Society for Testing Materials had at least three 
Specifications for Carbon Steel Castings speci- 
fying Tensile Strengths from 27 tons minimum 
with 22 per cent elongation on 2 inches, 
Reduction of Area 30 per cent, to 36 tons 
minimum with 15 per cent elongation on 2 inches 
and 20 per cent Reduction of Area. In the 
former specification the Sulphur and Phosphorus 
contents were quoted as -05 per cent maximum. 


The Reduction of Area figure was an entirely 
new idea in Cast Steel Requirements and even 
to-day this requirement, although in my opinion 
of first rate importance, is seldom seen in British 
Specifications for Steel Castings. 


The extension of the Motor Industry in the 
early years of this century and the greatly 
developing Oil and Chemical Industries all added 
to this need and the perfection of the Alloy 
Forging Steels greatly widened the materials 
being made available to the Founders. Some of 
the Consulting Engineers, re-wrote their speci- 
fications for Carbon Steel Castings and the 
Chemical Engineers found it necessary to ask 
for Alloy Steel Castings to meet the exacting 
conditions which their work entailed. In the 
early 1920’s the Electric Furnace had already 
been installed in certain Foundries, notably, I 
believe, in America and this period also saw the 
extending use of Gas Fired annealing stoves and 
the introduction of Electric Heat Treatment 
furnaces. 


In spite of the loss of trade due to the 
depressions which oceurred at intervals between 
the wars, steady advances were made, both in 
materials and treatment. Every year saw some 
development in the melting and treating equip- 
ment made available for Foundry use and onee 
again intensive development came with the war 
in 1939. Already, by this time, a number of 
Foundries had been completely rebuilt, many 
had been completely modernised and some of 
those engaged in repetition work mechanised. 
The post war years have seen still more of the 
Foundries re-building and re-equipping. Very 
briefly, then, this is the story of the development 
of the Modern Foundry but it would be unjust 
to close it without making mention of the part 
played by certain specialised organisations which 
have grown alongside the Foundries. These 
firms have been responsible for many develop- 
ments in connection with Foundry work of all 
kinds. Sand and other testing equipment has 
been developed and Research Laboratories made 
available for use by anyone needing them. The 
many auxiliary materials used in the up-to-date 
Foundry are largely due to efforts such as theirs 
and sections of their Laboratories are at the 
disposal of small Foundries lacking these 
facilities, for the investigation of failures, and 
advice as to how these can be avoided and 
general difficulties overcome. Technical services 


are also available and in addition Technical 
periodicals are issued free to all those interested 
in Foundry Work. 


There was a time between the wars when 
the advocates of fabrication threatened to close 
the Foundries, but in spite of the extension of 
the use of Fabricated parts, the Foundries seem 
to be making a greater variety of castings and 
in greater quantity than ever before. 


You all know how a casting is made, but as a 
matter of special interest let us trace from the 
beginning the making of a carbon steel casting, 
small enough to be made in one or more 
moulding boxes. The starting point, of course, 
is, like the starting place of most things, the 
Design and Drawing Offices. I often think it 
would be an excellent thing if all designers and 
draughtsmen could spend a couple of years or 
so in the Foundry and the Pattern Shop. It is 
amazing sometimes just how diffieult they seem 
able to make the Foundryman’s job! <A designer 
will cheerfully produce a drawing for a casting 
which only a stoppage of the laws of nature 
could make into a perfect job, and then express 
his disgust at the Founder’s lack of knowledge 
and ability which results in failure. When it is 
realised that well over 180 years of good steel- 
making has failed to produce the perfect ingot 
it will perhaps be appreciated that there is more 
in the making of a good casting than just 
“melting and running”! 


The second stage in the creation of the casting 
is the Pattern. Here again considerable know- 
ledge of Foundry work is essential if the 
Founder’s task is not to be made more. diffieult 
than nature intended. Whenever I see the words 
“From customers pattern” on an order, I hope 
devoutly that the particular Pattern Shop 
concerned knew what it wanted and more 
important still, knew how to get it, for at this 
stage lies the root of many evils and the cause 
of many failures. It is established practice 
at many Foundries that a daily conference is 
held in the Pattern Shop when Foundry 
Manager and Foreman meet the Pattern Shop 
people and go over the patterns about to be 
issued to the Moulding Dept. In this way the 
whole weight of experience is brought to bear on 
the problem immediately ahead and any 
alterations necessary, in the Foundry opinion, 
can be suggested, whilst all details such as 
position of feeding and other heads, runners, 
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risers, gates, size of boxes, positions of test 
pieces, if any, and in addition whether any 
particular part requires “feeding”, needs 
“chilling” or is “neutral”, can be decided to 
everybody’s satisfaction before commencing the 
actual Foundry part of the work. In the 
Moulding Shop all the details just mentioned 
play a very important part in whether success or 
failure is the lot of any particular casting. 


If the designer has played his part and 
produced a design with reasonable changes of 
section, absence of unnecessary bosses, flanges 
and other “attachments” and the pattern shop 
has introduced, where necessary all the missing 
radii and fillets, the moulder begins his part in 
the story. Here is a further stage where 
experience is a vital necessity, for careless work- 
manship, lack of care in ramming, venting or in 
the finishing of a mould and even in the care- 
less closing of mould parts can doom the casting 
to failure before the Steelmaker has started his 
share in the job at all. The mould being com- 
pleted, the next stage, depending on whether it 
is intended for a “green sand” or “dry sand” 
casting, is either the removal of the mould to 
the drying stove, or to the Casting Bay. If it is 
to be “dry sand” the mould is placed in a 
“Drying Stove” and held at temperature, usually 
from about 300°C. to 400°C., for the appropriate 
time, and then to the Casting Bay. The moulds 
are here placed with others calling for the same 
grade of steel to await the ladle. In the 
meantime, the Furnace has been occupied in 
making the particular heat of steel required, and 
eventually the steel finds its way into the 
previously prepared ladle.. Obviously, all the 
carefully controlled preceeding steps can be 
ruined by any failure of the Steelmaker or those 
engaged in the preparation of the ladle. So 
many things ean happen to the particular heat 
of steel to render it unfit for the casting that for 
the moment I will name only the most important. 
It can be so far out in Chemical Composition 
that although a good easting may result it has 
little chance of passing any tests laid down, if 
testing is ineluded, and even where no tests are 
called for it can render the particular casting 
useless for its intended purpose. It can be too 
hot or too cold, and whilst the former is the 
lesser of the two evils, unless steps are taken to 
overcome it, it can result in a scrap casting, even 
though this particular one may not be subject to 
Radiographic Inspection. If it is too cold it is 


possible for it never to get as far as the mould, 
it may just refuse to come out of the ladle, 
whilst if it leaves the ladle, it is almost certain 
that it will not fill the mould. It ean be over- 
oxidised, which means that an unsound casting 
is bound to result and it can be so intermixed 
with slag and other non-metallic inclusions as 
again to render the castings unfit for their 
purpose although in this case the absence of 
physical tests might lead to their being used. 
Assuming, as we have assumed throughout our 
journey so far, that the steelmaking step also is 
perfect, the next stage is the ladle. Once again 
it can be said that bad workmanship or lack of 
skill, care or knowledge can again, at this late 
stage, ruin all the good’ work that has gone 
before. Insufficient care in the brickwork or 
lining of the ladle, inadequate drying or he: ating 
and lack of care in setting the “stopper” can 
transform a perfectly good heat of steel into a 
heap of scrap almost in a matter of seconds. 
Where adequate supervision and co-operation are 
present the size of the nozzle through whieh 
the steel will enter the mould will have been 
decided previously to meet the needs of the 
particular grade of steel and the size of the 
casting. All this having been accomplished with 
the degree of perfection we have had through 
the previous stages of our foundry, with the 
steel lying quietly in the ladle, the erane moves 
the ladle over the feeding head of the mould. 
The stopper is lifted and the metal disappears 
into the mould to reappear in the bottom of the 
other heads and risers which are watched with 
some concern until the metal reaches the correct 
height. Anxiety is not yet over by any means! 
Although the heat was perfect a few minutes ago, 
in filling the mould it can have been transformed, 
under certain conditions, into the equivalent of 
an unkilled steel, with disastrous results. After 
a few minutes it will be seen that the centres of 
the heads are falling gently and tension starts to 
relax. After an appropriate interval the work 
of freeing the casting from the mould as much 
as is possible, commences. Eventually it is 
turned out, unrecognisable except as a mass of 
sand and red hot metal and left to cool until 
such time as preliminary cleaning can be started. 
After removing heads and risers and a rough 
dressing the casting goes to the annealing stove; 
when this operation is completed the casting 
receives its final dressing, sand, shot, or Hydro- 
blasting and is ready for inspection by the 
Foundry Inspector. If tests are called for they 


are prepared and broken and the casting is ready 
for despatch. So much for the perfect casting. 


After a walk round a new Foundry we will 
return to examine those steps again with a view 
to seeing what may happen when all does not go 
well. 


The first call must be the Sand Testing 
Laboratory. Whilst of comparatively recent 
growth in many Foundries, this Laboratory plays 
an important part in the search for still higher 
quality in Steel Castings. 


Here we find a number of instruments designed 
solely tor the testing of sand and sand mixtures. 
The main requirements of a moulding material 
are the ability to take and retain the impression 
of the pattern; it must also have sufficient 
strength to stand up to the pressure created by 
the weight of molten metal filling the mould and 
its feeding and other heads, and yet not be strong 
enough completely to resist the contraction of 
the metal during its cooling down. It must be 
porous, to facilitate the escape of gases, either 
liberated from the cooling metal or generated 
during its passage through the mould, but not 
porous enough to allow the metal to penetrate 
the face of the mould and it must be refractory 
enough not to “frit” or partially melt under the 
heat of the highest temperature likely to be 
needed for the filling of an intricate mould. It is 
generally found, of course, that to meet all 
requirements, a mixture of different sands is 
necessary. The equipment of the Sand Testing 
Laboratory has been designed to check these 
various requirements and so bring a control to 
the Foundry which in the early days of the 
Century was not available. It is not possible 
in this paper to describe in detail either the 
apparatus or the methods of carrying out the 
various testing operations but a quick look tells 
us that machines are available for carrying out 
moisture tests, (to determine the amount. of 
moisture in the sands) machines for ramming 
samples to a standard consistency, for use in 
further tests, carried out on other machines, to 
measure the Tensile, Compressive and Shear 
strength. Further apparatus enables the per- 
meability of standard specimens to be deter- 
mined, whilst still other instruments are available 
to measure the hardness which ramming has 
given to a mould. Sand and clay washers, which 
measure the clay content, also an important point 
in the foundry, are available. Standard sieves 


for measuring the sizes of the grains of a sand 
together with Laboratory mixing machines to 
make small scale mixing tests and the necessary 
weighing apparatus usually complete the Sand 
Testing Laboratory. 


To examine the latest items in general Foundry 
equipment it is proposed to describe the recently 
completed new Foundry at the works of Messrs. 
Blackett Hutton & Co. Ltd. This Department 
is engaged in the production of General Castings, 
and weights up to approximately 6 tons can be 
dealt with. The advantage of starting on new 
ground without having to make use of existing 
buildings was present in this case and the equip- 
ment and layout were thus completely decided 
before building began. As a result, the whole 
department was housed under one roof, and the 
handling and transporting of materials, moulds 
and castings has been reduced to a minimum. 


Starting at the North End of the Department 
the first section is the Sand Handling equipment. 
The first slide shows the general arrangement of 
this plant. Three large chambers are available 
where the different new sands arriving are 
unloaded direct from the wagons, for which a 
special unloading siding is provided. The 
storage chambers are built in with the outside 
wall of the Building and open directly on to the 
Sand mixer and moulding machines. They will 
be seen eventually on slide No. 5, behind the 
moulding machines. It will be generally under- 
stood, of course, that new or “facing” sand is 
used only for that part of the mould immediately 
in contaet with the pattern (which in turn will 
be the “face” of the mould) and for a few inches 
behind it. The remainder of the mould is made 
up of “floor” sand which is sand previously used 
in moulds and afterwards recovered. 


The new sand is taken from store into the 
mixer and afterwards served to the moulding 
machines in bins. The floor sand is reclaimed 
on the machine shown on the next slide. The 
first operation is to pass the sand over the 
magnetic separator which throws out the small 
portions of metallic materials which are always 
intermixed. From the Separator the sand falls 
on to the belt which takes it to the sifter and 
thence into the uptake shown on the right. The 
elevator carries it to another, overhead, belt 
running behind the moulding machines. The 
next slide shows the belt and it will be seen that 


cach moulding machine station is provided with a 
device known as a “plough”, which, when put 
into operation, as shown on the slide, carries 
the sand into the hopper serving that particular 
machine. From here the sand falls, as required, 
into the moulding box on the machine table. The 
next two slides show how this is controlled; the 
first shows the hopper closed and the second 
open. (The second of these two slides also 
shows two of the new sand storage chambers). 
On the table of the moulding machine is a half 
pattern of a large valve casting such as is used 
in oil field work. It might be noted here that 
the main point of a moulding machine, and 
probably its primary function, is the ease with 
which the pattern can be stripped from the 
mould. It is generally accomplished by the 
simple process of turning over the table of the 
machine, which deposits the half mould and then 
withdraws the pattern. Whilst machine ramming 
has found some supporters, and is used to some 
extent in America, it has never been favoured 
generally in this country. It will be obvious 
that machine ramming is, of necessity, confined 
to flat surfaces because of the uneven hardness 
which would result in ramming up a complicated 
mould such as for a cylinder or valve casting. 
The machines in the foundry we are visiting 
are all of this “Roll-over” type and are known 
as “Jar” Roll-over machines, as the actual 
ramming or in this ease “settling” in the mould 
is accomplished by “jarring” the machine by 
means of compressed air. Automatic controls 
ensure that the same number of “jarrs” or move- 
ments is given to every like mould. Moulds up 
to 3 ft. 6 ins. square can be dealt with which will 
take care of quite a large casting. Over this 
size the moulds e~e made on the floor as is usual 
in all large wor.. After the completion of the 
moulding on the machine the half moulds leave 
down the roller paths shown on the next slide. 


This slide also shows a moulding box in the 
crane sling being lifted on to the right hand 
machine, On the table will be seen the half 
patterns on the plate whilst the shoot is shown 
ready to receive its quota of sand. On the next 
machine a mould has just been-completed, the 
inverted table and pattern can be seen, over the 
mould, from which it has just been withdrawn. 
On the next machine a mould has just been filled 
with sand from the hopper, after the facing 
sand has been placed in position and rammed. 
The left hand machine shows patterns in 


position awaiting a moulding box. From the 
bottom of the roller paths the moulds go to the 
floor moulders for finishing, patching and re- 
pairing where necessary, and for closing. After 
closing, the moulds go to the drying stoves, of 
which there are two, one low and one high 
temperature. The low temperature stove usually 
works at approximately 250°C., the high tem- 
perature at 350°C. These stoves are of novel 
construction. The firing is done on the outside 
and the heating is by means of hot air which 
circulates through the stoves. The hot air is 
again drawn out, passes through the heater, and 
is again used by re-circulating through the stove. 
The next two slides show views of these stoves 
the first showing the inside, with the trolleys 
filled with moulds, the other showing the firing 
position, with the control apparatus and auto- 
matic recorders. It will be seen that the trolleys 
run out on rails for loading and unloading. 


Immediately following the moulding machines 
come the core making benches. Here is a 
Department of Foundry Works, which, for 
ingenuity is hard to beat. The Americans, in 
particular, have brought core making to a fine 
art. It might be truthfully said that the heart 
of the foundry (if any) is to be found in the 
core shop. Whilst design is largely a matter 
for the pattern shop, whose duty it is to make 
the core boxes, many novel ideas have originated 
on the core making benches. 


The next move takes us to the electric melting 
furnaces. As will be seen from the next two 
slides; there are two units sited back to back, 
each with a normal capacity of 3 tons. They are 
fully automatic with self-adjusting electrodes and 
hinged roofs, (important items) and both are 
basic lined. The next slide shows the pouring 
position. The average melting time is about 
three hours. At present, the heats are being 
run on a “whole serap” basis, pig iron being 
used only as required during the working period. 
Opposite to the furnaces a section is devoted to 
the care and preparation of ladles, the heating 
of which is carried out by a new type of coke 
fired heater. 


After running, the castings are freed from the 
mould and proceed to the first shot blasting. 
This is situated next to the melting department, 
and consists of the usual building but with a 
rotary table which is detachable, and whieh is 
removed for loading and unloading. 


After this shot blasting, the castings pass to 
the section which removes the heads, runners and 
risers and then to the annealing stoves. There 
are two stoves, built side-by-side. Both are oil 
fired and of new design, being fully automatic 
as regards temperature control, the control being 
regulated by the pre-set automatic recorders. 
Three carriages are provided which facilitates 
loading, treatment cycle, and subsequent un- 
loading. Fig. 1 gives a view of these furnaces, 
shows a load of castings being fed into the stove 
and also the protected control platform. The 
castings next pass to the wheelabrator, a special 
form of shot -blast operation, or the second shot 
blast chamber for final cleaning and afterwards 
for final dressing and inspection. A special 
loading bay, where final inspection takes place, 
is provided, also, with three machines for hydro- 
static and pneumatic testing where required. 
These machines are capable of carrying out 
hydrostatic tests, using kerosene or water up to 
6000 lbs. pressure per square inch or pneumatic 
testing up to 100 lbs. per square inch. Just in 
case of misunderstanding, I should mention a 
small department devoted to the repair of 
castings by electric welding. 


Looking round this building, I think back to 
those early days and compare the hand fired 
furnaces, where temperature was judged solely 
by eye, and the firing adjusted accordingly by 
hand, and it seems we have travelled a great 
distance. 


Having examined a new foundry let us return 
again to the beginning and see what can happen 
when everything is not quite so perfect as on 
our first walk round. 


Starting again at the Design Department, we 
find that in many cases the general outline of a 
casting is already decided because it is part of a 
much greater whole. This applies particularly 
to such items as Ship Castings, but although the 
general outline is sometimes predetermined, the 
actual detailing can play a vital part in making 
or marring the subsequent casting. As an 
example, to ask a Founder to make a casting, 
(and worse is frequently done) with a sudden 
change of section even from 3 inches to 1 inch 
thick is almost certain to result in an area of 
shrinkage where the change occurs; if, added to 
this, the change is to be accomplished without an 
adequate radius it is almost equally certain that 


a erack in the corner will accompany the shrink- 
age. It is probable the two will join up, make an 
extensive defect and perhaps ruin the casting. 
This kind of mistake in detail can also be re- 
sponsible for greater or lesser degrees of hot 
tearing, an internal detect sometimes difficult to 
determine even by Radiographic examination. 
Another favourite of designers is the “cored” 
hole. I suppose it is in an effort to save drilling 
or boring costs that this persists, yet, in many 
cases, castings become 100 per cent more difficult 
to produce with cored holes. Some Founders 
claim that a central cored hole will often prevent 
a shrink or hot tear, but in my view, if the tear 
is coming in that particular casting it will come 
round the hole if the core is there. The number 
of castings found to have hot tears round a 
central core is, | am afraid, very large. It is 
also of extreme importance to avoid two or more 
larger end pieces joined by a smaller and thinner 
centre section. Whilst, in a small casting, this 
evil can be offset to some extent by rapid turning 
out of the mould and thus freeing the casting 
during the vital period of its contraction, in 
large work, this is impossible. This is the reason 
that many long thin castings having larger end 
sections are found to be torn or cracked when 
cold. A typical example in our own sphere is 
-the Stern Frame, where, of necessity, this type 
of design cannot be avoided. 


Many of the design faults can be corrected to 
some extent, in the Pattern Shop, but it is some- 
times astonishing to find how simple principles, 
that actually are second nature to the experi- 
enced pattern maker, are momentarily over- 
looked, sometimes with surprising results. It is 
possible, for example, to find an important 
radius missed off completely, with the result that 
all the castings will possibly be eracked in this 
particular corner. Occasionally a core print is 
misplaced, resulting in certain serap from that 
particular pattern, and it has been known for 
right hand and left hand castings to turn out all 
the same on casting. Another source of error ean 
be in the making of core boxes which sometimes 
is the reason for thin walled castings which are 
sure to be serap. Oceasionally thick walled 
castings are also due to errors in core making, 
the result of which may or may not be acceptable. 


Generally speaking, however, the Pattern Shop 


makes few mistakes and usually these are of a 
minor character, most of which can be corrected 
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in the Foundry. Errors of heading, running 
and feeding may be the Pattern Shop responsi- 
bility, but strictly these matters should be 
decided by all concerned and the combined 
experience of Pattern Shop and Foundry 
brought to bear on all such problems, as every 
pattern needs different treatment. 


Arrived in the Foundry, the size of box is the 
first problem. Time was when the moulder made 
his own decisions regarding this matter but to- 
cay this is always decided for him, because the 
size ot box naturally takes account of the 
number, size and position of heads and runners. 
These bear unmistakably on the resulting casting 
and it is a sad reflection that economic considera- 
tions so often dictate these vital matters to the 
exclusion of technical considerations. As an 
example, it sometimes happens that to provide a 
really adequate head a larger size of box should 
be used, but that inevitably means so many more 
moulding hours, so much greater weight of cast 
metal, which enters the mould at, say, £40 per 
ton, and immediately after removal as a “head” 
drops in value to, say, £5 per ton. So, the 
smaller box is chosen, and it appears to be no 
very difficult matter for one to decide that, after 
all, the smaller head is adequate and the larger 
mould, indeed, be a sheer waste of time and 
metal, and in consequence, money. I never see 
a casting showing porosity under the heads but 
I imagine the making of the decision which is, so 
often, responsible for it. It must not be 
assumed, however, that all that is necessary to 
make a good casting is to stick an outsize head 
on it. Where and how the metal enters the 
mould and at what speed are questions, the 
answers to which also play an important part in 
the quality of the casting. It will be obvious 
that any sand washed from the gates or mould 
face must be entrapped in the molten metal; 
some will escape into the heads but most will 
find resting places in parts of the actual casting, 
particularly near blind ends, corners and, if any, 
test blocks. It also follows that where sand is 
washed away a hollow in the face of the mould 
results, the size and shape of which depends on 
the amount taken away and the speed with which 
it went. At best this will result in a “seab” or 
“mound” on the casting; at worst it can mean 
a “pull” or “tear”. The position of test blocks 
can affect the casting to the extent of scrapping 
it. This point might be remembered when 
testing castings. The reply to a query regarding 


a failed test piece could be to the effect that the 
test block has been sacrificed to the casting. On 
the other hand the same Foundry might, un- 
blushingly, in explaining away a scrap casting 
claim that it had been sacrificed for the test 
pieces. 


Here in the Moulding Department those minor 
omissions of the Pattern Shop can be rectified, 
putting in perhaps the missed off radius, 
increasing the size of the fillet and in general 
“tidying up”. I am afraid, however, that the 
Foundry is also guilty of sins of omission and 
commission. It has been known, for instance, 
for a head or other loose portion of a pattern to 
be missed off completely, and for sundry risers 
to be missing, among other major faults. It is 
sometimes found, too, that the method of running 
the casting has been completely altered from that 
intended. The venting of the mould, too, some- 
times leaves something to be desired. If in- 
sufficient venting is provided a “blown” casting 
is almost certain to result. It is possible for 
entrapped air or gases to blow back through the 
partly solid skin and the skin to close over it 
again, this can result either from bad moulding, 
bad running, bad design or a little of all. In- 
sufficiently dried or too moist cores or moulds is 
another possible cause of blown metal; the 
matter of core design, venting and drying is 
particularly important as there is so much less 
chance for gases to escape through the core 
owing to its internal position, usually only two 
exits, through the ends, being available. Core 
positioning is also of prime importance as is the 
finishing of the mould face after withdrawal of 
pattern. It is rare that the pattern comes away 
without some damage to the mould and it is here 
that considerable skill is so often shown by the 
moulder in making good the  deficiences. 
Occasionally, of course, some are missed and 
this constitutes another source of possible fault, 
because these areas usually mean loose sand free 
to be swept into the stream of metal. 


The closing of the two or more parts of the 
mould is also an operation whieh can result in a 
serap casting. The mould parts are usually 
positioned by means of mating holes and pegs. 
Holes and pegs eventually wear, and unless 
careful and constant attention is given, the two 
halves of the mould then do not mateh up and a 
cross-jointed casting results, headed for the serap 
heap from the moment the mould is completed. 
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Insufficient core strength, resulting in a bent or 
broken core before or at the time of casting 
occasionally dooms an otherwise perfect casting. 
How many pitfalls those innocent looking boxes 
contain, as lined up, they await the ladle. 


Now for the metal which is going into the 
moulds. With the exception of the Crucible 
and the Electric High Frequency Processes, 
which, to all intents and purposes, are purely 
melting operations, all steel making or “refining” 
is carried out by the simple process of oxidation. 
(In the Basie processes, certain periods (desul- 
phurising) might be looked on as reducing, but 
generally speaking, the whole of the refining 
processes are essentially oxidising). 


As an example let us consider the making of 
an acid open hearth heat. I choose this, because, 
in spite of claims put forward, with much docu- 
mentary evidence in support, I still believe that 
well and truly made Acid Open Hearth Steel is 
as good as any that goes into a mould. The 
operative words are “well and truly made”. In 
Foundry work the melting is generally in 
furnaces of small or medium capacity, from 10 to 
40 or 50 tons. I am not acquainted with any 
Basic Open Hearth Furnaces regularly being 
used for Foundry work in this country, although 
I believe there are something like 60 in use in 
Foundries in America. (Some large Basie Open 
Hearth Works in Britain, I believe, have small 
Foundries for the production of castings for 
their own works maintenance). 


In the first stages Pig Iron and Serap are 
charged into the furnace and the melting starts. 
It will be appreciated that melting down is not 
an instantaneous occurrence but is gradual 
throughout the charge and reactions begin as 
soon as any metal is at the appropriate 
temperature. As an example of what is not 
desired, it might be said here that during the 
melting down period (even at temperatures much 
below melting), it is possible for the charge to 
absorb Sulphur from the fuel. A slag quickly 
forms and by the time the charge is melted, this 
will cover the whole of the bath. The Pig Iron, 
having a lower melting point than the serap is 
the first to start. As a matter of fact this is 
the reason for charging the pig iron first as the 
sand on the iron and the high Silicon and 
Manganese Contents in the metal are the chief 
slag forming portions, and it is necessary to 


promote the slag producing operation at the 
earliest moment. In the acid Open Hearth (or 
Acid Converter), choice of Pig Iron is of course, 
limited. A fairly high Silicon and Manganese 
Content is required, and Sulphur and Phos- 
phorus must be low. The actual proportions of 
Pig Iron and scrap are largely matters of indi- 
vidual taste and choice depends to a great extent 
on the amount of carbon the partieular works 
desire when the charge is just completely melted. 
This varies from +30 per cent to -90 per cent 
above that required in the finished steel. Modern 
practice tends, I believe, towards a figure of +30 
per cent to -60 per cent. Time was when even 
higher figures were used and some melters still 
preter at least 1:00 per eent Carbon in the 
charge when melted; personally, being old- 
fashioned, I prefer the higher figure. The scrap 
begins to melt as the temperature rises. In the 
total charge, the manganese and silicon contents 
may be of the order of 1-5 per cent, 1 per cent 
and 1:5 per cent respectively. The Silicon 
the first to be attacked, Silica (SiO.) being 
formed; next Manganese Oxide (MnO) will be 
formed and these two elements will continue to 
fall as the amounts of Siliea and Manganese 
Oxide increase, and enter the slag. Carbon 
also is being eliminated, but not as rapidly as 
the other two elements which actually prevent 
the too rapid oxidation of the carbon. When 
melting is completed, the Manganese and Silicon 
contents may have dropped to something like -45 
per cent and -25 per cent respectively, the carbon 
being possibly in the region of -90 per cent by 
this time. These figures, of course, vary very 
widely, not only from Works to Works but 
between different operators on the same furnace. 
So many things, expected and unexpected, 
planned or accidental, can  affeet them, 
that no more than a very indefinite genera- 
lisation can be given. Opinions differ so 
widely as to what produces the best cast of steel 
that to express ones opinion on any phase of the 
subject will almost invariably start a general 
argument. 


is 


The real working of the charge now takes 
place, additions of ore hastening the elimination 
of the three elements, Carbon, Manganese and 
Silicon. It will be obvious that the amount of 
Carbon remaining in the bath when completely 
melted will determine the amount of ore 
necessary to bring it down to the point required. 
The greater this Carbon content the greater the 
amount of ore necessary; thereby hangs a tale! 


bt 
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There is one important point in addition to 
the Carbon Content however, at this time, and 
that is the amount of Ferrous Oxide (FeO) in 
the bath and in the slag. This also affects 
subsequent working, and, in my opinion, may 
affect the final product, because of its subsequent 
effect on melting conditions. A condition of 
equilibrium is established between slag and metal 
and the refining continues as a series of actions 
between the two, conditions being altered from 
time to time by the additions made, and changing 
furnace temperature and atmosphere. The 
addition of ore starts the rapid reduction of the 
carbon and the evolution of Carbon Monoxide 
becomes so violent that the reaction is known as 
“hboiling”, the CO. formed in the molten metal 
rising rapidly and breaking through the slag, 
gives to the bath this appearance of boiling. 
Eventually, the Carbon will be reduced to a 
figure of -15 per cent or so, with Manganese and 
Silicon of the order of -05 per cent each. 
Additions of Ferro-Manganese, Spiegel or Ferro- 
Silicon are made to bath (or ladle, or both,) 
according to conditions and the taste of the 
particular steelmaker and all is now ready for 
the ladle and then for filling the moulds. It all 
sounds very simple, but what a lot there is to 
go wrong and how easy it is to find it doing so. 


The matter of the Pig Iron is fairly simple, as 
the Special Pig made for the Acid Open Hearth 
process is produced to within fairly narrow 
limits of composition. This applies particularly 
to the Sulphur and Phosphorus Contents which 
are not removed in this process. As a matter 
of fact, both elements increase somewhat over 
the amounts present in the original charge. 
Sulphur in particular may be picked up from 
the fuel whilst, although there is no pick up of 
Phosphorus, there is a loss of metal which results 
in a small increase in the Phosphorus found in 
the final product. The choice of scrap, however, 
is of great importance. In these days of many 
and complex alloy steels, it is very difficult to 
make steel without finding in it small amounts 
of Nickel, Chrome, Copper and Tin which have 
come from the scrap used. Whilst Nickel and 
Chrome in these small amounts, usually of the 
order of -25 per cent or so, make little difference 
to the heat, Copper and Tin can make quite a 
lot. Tin, especially, can be very detrimental, 
even when in the region of only -2 per cent to 
“3 per cent and in the presence of copper, even 
smaller amounts can ruin a heat. 


As regards the making of the steel, even the 
manner of charging the Pig Iron and Serap can 
affect the making of the heat, about to be 
produced. The serap must be protected in the 
early stages of melting for several reasons. As 
you are aware, the lining of the Acid Furnace is 
largely Silica and unless an acid slag (the main 
component of which is again Silica) is quickly 
formed, the metallic oxides produced by the 
melting will attack the furnace lining until such 
time as equilibrium is restored. 


After the melting down period is completed 
the varying composition of the slag and metal 
must be closely watched. The amount of Silica, 
Manganese Oxide, and Ferrous Oxide in the slag, 
all have an effect on its thickness and appear- 
ance and the experienced melter can judge the 
composition fairly closely from its consistency 
and so make such alterations or additions as may 
be necessary. All this time, of course, oxidation 
is proceeding, and as a consequence, the metal 
contains greater or lesser amounts of Oxygen. 
At any one time the amount will depend on many 
circumstances. In addition to the Oxygen in 
Solution (as Ferrous Oxide) many metallic 
Oxides are present in varying quantity and states 
of combination, together with varying amounts 
of free oxygen. These oxides should, of course, 
end up in the slag; fortunately, most of them do. 
Under certain circumstances, rather more than 
usual are found in the metal—this may be due to 
one or more of several causes. During this 
refining period it sometimes happens that the 
Carbon is going out too quickly. In this event 
Pig Iron will again be used to retard this fall 
and so the process goes on. 


One of the evils to be avoided in the making 
of steel for castings in the ladle of steel con- 
taining too great a quantity of dissolved gases. 
As the process is an oxidising one, to obtain the 
required reduction of the Silicon, Manganese and 
Carbon, a large amount of Oxygen must be made 
available. Obviously an excess is always present 
and a good deal is left in the bath when the 
refining period is nearly over, this makes the use 
of final deoxidisers necessary and on the choice 
and use of these very much depends. The end 
of the process depends on the policy of the 
particular works making the steel. Some like to 
stop the process when the Carbon has reached 
the required figure. Most, I think, take the 
Carbon down to approximately -15 per cent 
and recarburise in the ladle. I believe this is 


the better method. It means that the greatest 
possible time is allowed for the completion of 
the reactions in the furnace and the major part 
of the deoxidisers can then be charged in the 
furnace and ample time allowed for the resulting 
oxides to find their way into the slag. In my 
opinion the less the amount of these deoxidisers 
which are left for use in the ladle, the better the 
steel. Whatever the final reactions which take 
place, time is necessary for the resulting non- 
metatllies to rise into the slag, and in the Foundry 
that time is not always available as, generally, 
it is necessary to use every bit of heat to ensure 
the filling of the moulds. When therefore, the 
ladle contains a heat overoxidised from any 
cause, there is no time margin available for the 
final deoxidisers to do their work and leave the 
metal. This means a dirty-steel and at best, 
doubtful test results, at worst an obviously 
“blown casting”, for as the temperature falls the 
gases are given up, and become “blowholes”, 
greater or lesser. Atmospheric contamination 
is occurring from the time melting commences to 
the final solidification of the Casting. In addition 
water vapour is always present in the furnace. 
This means that varying amounts of Hydrogen, 
Nitrogen and free Oxygen are absorbed. The 
amounts vary, of course, due to conditions 
throughout the history of each heat, and it is 
impossible even to attempt to give any indication 
of causes and effects in this short account. It 
can be said, however, that every stage of the 
process affects the amount of these three gases 
which can be found in the final product, and, 
other things being equal, the quality of the heat 
depends finally on this, and naturally the quality 
of the casting also. 


The preparation of the ladle is, like every 
other operation in the Foundry, of prime 
importance. The ladle is built up internally 
of Silicia Brick and an acid refractory clay. 
Somewhat similar in composition to the 
material used for the Furnace Hearth. The 
care of this lining is as important as the care of 
the Hearth for carelessness here can ruin an 
otherwise perfect heat. The lining must be 
sound, as any refractory material going into the 
metal will appear in the casting as a “Sandy”, 
refractory inclusion, and the brickwork kept 
well protected. It must be absolutely dry, as 
any moisture left in at the time of tapping, 
will, at the temperature of the molten metal, 
break down into Hydrogen and Oxygen and be 


absorbed, to reappear in the casting as blowholes 
or porosity of one form or another. The size of 
the nozzle and the fitting of the stopper are also 
points which play a large part in the successful 
running or otherwise of the casting. On the 
size of the nozzle, of course, depends the speed 
at which the metal enters the mould. If it is 
too fast, damage will be done to the mould, and 
large numbers of refractory inclusions will 
result. If it is too slow there is a chance that 
the mould will not be filled, there is almost the 
certainty that parts will solidify, become 
oxidised, and reappear as scabs on, or partially 
melted zones in, the casting. If the stopper 
is not a perfect fit steel may seep through, 
partially solidify and in turn be carried into the 
mould, or a continuous stream come from the 
ladle with disastrous results. The ladle must 
be sufliciently hot to prevent too great a chilling 
effect on the steel entering it, and it must be as 
free as possible from the slag left from previous 
heats. These items regarding cleanliness, tem- 
perature ete., in turn apply to the “Lander”, or 
trough, down which the metal runs from furnace 
to ladle. 


Before examining in detail some defective 
castings, and trying to connect the defects with 
some particular departmental failing, let us see 
what kind of materials are now available to the 
Engineer and Designer in the form of Steel 


Castings. Compared with the two or three 
erades in regular use forty years ago we find an 
imposing array af analyses and _ physical 


properties, from which the Engineers can choose 
in their attempts to meet the ever widening 
demand for east materials. 


Starting with the plain carbon steels we have, 
in addition to the usual grade of mild steel, 
calling for a tensile strength of 26/35 tons per 
sq. inch with 20 per cent Elongation on the 
standard test piece, the valve steel Specifications, 
typical of which is the British Standard No. 1414 
published in 1949. This calls for a minimum 
tensile strength of 31-2 tons per sq. inch with a 
minimum elongation of 22 per cent and 30 per 
cent Reduction of area. The harder grade of 
British Standard Castings is now 35 tons per 
sq. inch minimum with 15 per cent elongation. 


The Alloy Cast Steels quoted in B.S.S. 1414 
are a Carbon Molybdenum Steel, a 4 to 6 per 
cent Chrome Molybdenum Steel, a 2 per cent 
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Nickel Chrome Molybdenum Steel, and a Chrome 
Molybdenum Steel of 8 to 10 per cent Chrome 
and 1:30 per cent Molybdenum. The physical 
properties called for are, for the Carbon 
Molybdenum Steel, the same minimum figures 
as the plain Carbon Steel except that the Yield 
Point is quoted as 20-1 tons per sq. inch, 
minimum against 16.0 tons minimum in the 
Carbon Steel. For the 4 to 6 per cent Chrome 
Molybdenum the figures are yield 26-8 tons, 
ultimate stress 40-2 tons, Elongation 18 per cent 
and reduction of area 30 per cent minimum. For 
the Nickel Chrome Molybdenum, 29-0 tons yield, 
44-7 tons ultimate, 18 per cent Elongation and 
30 per cent Reduction, for the 9 per cent Chrome 
Molybdenum 26-8 tons yield, 40-2 tons ultimate 
18 per cent elongation and 30 per cent reduction 
of area. It will be obvious that this one speci- 
fieation covers a range of materials suitable for 
many other applications than those outlined. In 
addition many Nickel, Nickel Chreme, Chrome 
Molybdenum and Nickel Chrome Molybdenum 
analysis are available for general machinery and 
structural purposes having properties, in the 
Heat Treated condition, up to 55 tons per sq. 
ineh with 20 per cent elongation and 35 per cent 
reduction of area. In addition to the Tensile 
Properties outlined, these specifications also 
call for Bend Tests usually of the order of 120° 
without fracture and in some eases 180°. The 
Izod Impact test is, more and more, becoming a 
part of Steel Casting Specifications, the plain 
carbon requirement being usually 15 foot Ibs. 
minimum and most of the Alloy Steels 25 foot 
Ibs. minimum. 


In America the Chrome Vanadium Steels find 
favour to a greater extent than in this country. 
There is much to be said for this type of steel 
although its effective Heat Treatment tempera- 
ture range is rather narrow. The following 
tables, taken from the Head Wrightson publi- 
cation “Steel Castings”, will show in rather 
startling fashion, the immense strides covered 
in the last thirty years, in the development of 
Steel Castings for each and every conceivable 
purpose. When it is remembered that there is 
hardly any shape, suitably designed, that cannot 
be made successfully as a Casting, it will be 
appreciated just how wide is the field now open 
to the Engineer. 


TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF CARBON STEEL CASTINGS. 


GENERAL PuRPOSES. 


Low Carbon or Mild Steel 
Medium Carbon Steel 
High Carbon Steel 


Wear RESISTANCE. 
Medium Carbon Mang. Steel 


Medium Carbon Flame- 
Hardening Steel 


High Carbon Flame- 
Hardening Steel 


Low Carbon Case-Hardening 


Hicgu Magnetic PermMepasiniry. 
Low Carbon Steel 


Carbon, 


20/35 
135/-45 


35 /-45 


40/-50 


60/70 
10/-20 


*10/-15 


Silicon. 


2/-6 
2/:6 


2/6 
2/6 


:2/-6 
2/6 


2/6 


Sulphur. 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


Phosphorus. 


-05(max.) 


-05(max.) 


Analysis to suit requirements. 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


-05 (max.) 


Manganese 


5/10 
‘5 /1-0 


1-0 /1-75 


2/5 


Tensile. 
(Tons 
sq. in.) 


30/35 
35/45 


45/55 


Tensile. 
(Tons 
sq. in.) 


20/28 


TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF AUSTENITIC "MANGANESE STEEL CASTINGS. 


Sulphur. 
-05 (max.) 


Austenitic Manganese Steel 


Carbon. 


1-:0/1-35 


Silicon. 


1-0 (max.) 


Yield Point. Elonga- Reduction Brinell, 
(Tons tion, Area, 
sq. in.) (Per cent). (Percent). 
15/20 30/20 50/30 = 120/150 
18/25 20/10 35/15 150/200 
25/34 20/15 30/15 200/250 
Surface Brinell. Interior Brineil 
Over 400 175/210 
= 
Over 500 250/350 
Over 800 120/150 
Yield Point Elonga- Reduction 3rinell, 
\(Tons tion. Tea. 
sq. in.) (Per cent). (Per cent). 
10/15 40/20 50/30 100/125 
Phosphorus. Manganese. Brinell 
+12 (max.) 11/14 180/210 


TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF PEARLITIC MANGANESE STEEL. 


Pearlitic Manganese Steel 


13% Chromium 
Stainless Steel 


18/2 Chromium Nickel 
Stainless Steel 


18/8 Chromium Nickel 
Stainless Steel 


‘18/8 Chromium Nickel 
Stainless Steel 
(Welding Quality) 


18/8/3 Chromium Nickel 
Molybdenum Steel 


18/8/3 Chromium Nickel 
Molybdenum Steel 
(Welding Quality) 


Carbon. 


-20/-30 


Silicon, 


-2/-6 


Sulphur. 


-05 (max.) 


Phosphorus. 


-05 (max.) 


Manganese 


1:0/1-75 


Tensile. 
(Tons 
sq. in.). 


35/40 


Yield Point. 
(Tons 
sq. in.). 


18/25 


TYPICAL ANALYSES OF STAINLESS STEEL CASTINGS. 


Carbon, 


2/3 


-25 (max.) 


-15 (max.) 


-10 (max.) 


-15 (max.) 


-10 (max.) 


Silicon. 


3/-6 


3/6 


3/:6 


3/-6 


3/6 


+3/:6 


Sulphur. 


-05 (max.) 


“05 (max.) 


-05 (max.) 


-05 (max.) 


-05 (max.) 


-05 (max.) 


Phosphorus. 


-05 (max.) 


-05 (max.) 


-05 (max.) 


-05 (max.) 


-05 (max.) 


-05 (max.) 


Manganese. 


5/1-0 


5/1-0 


5/1:0 


+5/1-0 


5/1-0 


5/1-0 


Chromium 


11-5/13-5 


16/20 


18 


18 


18 


18 


Elongation. Reduction Brinell, 
\(Per cent). Area. 


(Per cent). 


30/20 50/30 150/180 


Nickel. Molybdenum. 

1/2 — 
8 ms & 
8 = 


with addition 
of Titanium 
or Columbium 


8 3 


8 3 
with addition 


of Titanium 
or Columbium 


It might be added that special analysis of Stainless Steel Castings have been developed for “Easy Machining Qualities.” 


TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF LOW ALLOY STEEL CASTINGS FOR, ELEVATED 
TEMPERATURES AND PRESSURE SERVICE. 


Carbon Molybdenum 
Steel 


14% Chromium 
Molybdenum Steel 


2% Nickel Chromium 
Molybdenum Steel 


23% Chromium 
Molybdenum Steel 


5% Chromium 
Molybdenum Steel 


TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF LOW ALLOY STEEL 
SHOCK AND ABRASION RESISTANCE. 


24% Nickel Chromium 
Molybdenum Steel 


14% Nickel Chromium 
Molybdenum Steel 


3% Nickel Steel 


24% Nickel Chromium 
Steel 


Carbon, 


15/25 


15/+30 


15/-30 


15/+30 


15/-30 


Carbon, 


:20/-35 


25/-30 


125 /-35 


°20/°35 


Silicon, 


Silicon. 


(Sulphur. 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


Sulphur. 


-05(max.) 


-05(max.) 


-05(max.) 


-05(max.) 


Phosphorus. Manganese. Nickel. Chromium. 
05(max.) -5/1-0 mas as 

-05(max.) -5/1-0 eel, 1-25/1-75 
-05(max.) -5/1-0 1:25/1:75 +5 /1-0 
05(max.) 5/10  — 2-5 /3:5 
-05(max.) -5/1-:0 9 — 4-0 /6-0 


Phosphorus, Manganese. 


-05(max.) -5/1-0 
-05(max.) -5/1-0 
‘05(max.) -5/1-0 
‘05(max.) -5/1-0 


Nickel. Chromium 


2-5 /30 1-0/1-5 
1-25/1-75  1-0/1:5 
3-0 /3-5 ue 

2-5 /3-0 5/10 


Molyb- 
denum. 


Molyb- 
denum. 


Tensile. 
(Tons 
sq. in.). 


30/40 


40/50 


40/50 


40/50 


40/50 


Yield 
Point. 
(Tons 
sq. in.). 


15/20 


25/40 


25/40 2! 


25/40 


25/40 


Elonga- 
tion. 
(Per 

cent). 


30/20 


25/15 


Red. of 
Area. 
(Per 
cent). 
45/30 
40/25 
40/25 
40/25 


40/25 


CASTINGS FOR WEAR, 


Tensile. 
(Tons 


sq. in.). 


45/65 


40/50 


Yield 
Point. 
(Tons 


sq. in.). 


35/50 


25/40 
35/45 


Elonga- 


tion, 
(Per 
cent). 


18/12 


25/15 
18/12 


20/12 


Red. of 
Area. 
(Per 
cent), 


30/20 


40/25 
30/20 


30/20 


Brinell. 


130/180 


180/230 


180/230 


180/230 


180/230 


Brinell, 


200/300 


180/230 
200/250 


180/270 
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TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF LOW ALLOY STEEL CASTINGS NORMALLY SUITABLE 
FOR STRESSED SECTIONS. 


Carbon. Silicon. ‘Sulphur, Phos- Man- Nickel. Chrom- Molyb- Tensile. Yield Elonga- Red. of Izod. Brinell. 
phorus. ganese ium. denum. (Tons Point. fo eae 
° ial sq. in.). (Tons (Per (Per 
1% Nickel sq. in.). cent). cent), 
Chromium 
Molybdenum °25/-35 2/6 -05(max.) -05(max.) + 5/1: 0 -8/1:2 5/8 -2/-4 45/65 35/50 25/10 50/15 60/20 200/300 


13°% Manganese 
Molybdenum Steel -25/:35  -2/-6 ‘05(max.) -05(max.) 1-25/1:75 
13° Chromium 
Molybdenum °25/:35  -2/-6 -05(max.) -05(max.) +5 /1-0 


= — -2/-4 45/65 35/50 25/10 50/15 60/20 200/300 


— 10/15 -2/-4 45/65 35/50 25/10 50/15 60/20 200/300 


TYPICAL ANALYSES OF LOW ALLOY STEEL CASTINGS FOR WEAR RESISTANCE. 


Carbon, Silicen Sulphur. Phosphorus. Manganese. Nickel. Chremium. Tungsten Brinell. 
Carbon Chromium 5/8 °2/-6 -05(max.) -05(max.) -5/1-0 — 1:0/1°5 _- 250/350 
Chromium Tungsten — -5/+8 -2/-6 -05(max.) -05(max.) 5/1-0 — 1-0/1-5 1:0/1-5 350/450 
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Before discussing the Testing and Inspection 
of Steel Castings let us consider, in some detail, 
the Heat Treatment necessary before the 
Castings are ready for “presenting for Test”. 


The paragraph on annealing quoted on page 4, 
as I said, still holds good to-day and this 
operation is the first and most important step im 
“Heat Treatment”. The tendency to-day is to 
use a rather higher temperature for this 
operation; personally I prefer the lowest tem- 
perature at which the objects sought can be 
secured. It will be noticed that the instruction 
says “It is accomplished by carefully heating the 
Casting thorough soaking followed by slow 
cooling”. I have emphasised the most important 
words in the paragraph. “Carefully heating” 
It will be obvious that every casting coming 
from a mould, however simple its design and 
however uniform its section, comes out in a state 
of strain, the more complicated its shape ete., 
the greater, probably, this strain. For this 
reason, common sense calls for its charging into 
a cold furnace, and gentle raising to tempera- 
ture. Thorough soaking means holding at the 
temperature of treatment for a time sufficiently 
long, not only for all the casting to attain that 
temperature, but long enough for all the internal 
physical changes to take place and become 
equalised and stabilised. 


Whatever the original reason for the “slow 
cooling” on annealing, (it may have been the 
result of bitter experience, it may have been 
simply that there was no means of getting the 
Heat out hot) it is certainly very sound and I 
believe most essential. It is possible for steel, 
in a state of internal strain, under certain 
cireumstances, to tend to return to that state of 
strain even after heating to and holding at, a 
temperature in excess of its upper critieal point. 
The slower the cooling, other things being equal, 
the less the chance of its returning to this state 
of strain. 


In addition to the annealing operation (which 
all castings should have) many present day 
foundries also carry out normalising operations 
for one reason or another. This treatment is 
exactly the same as the annealing cycle except 
that the slow cooling from temperature is 
changed into an air cooling. This, in smaller 
sections, means a rather higher Brinell and 
consequently a higher tensile strength, a higher 
Yield Point, with little or no reduction in the 
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ductility as represented by the elongation and 
reduction of area figures. Little change will be 
found in the angle of bend but the Izod figure 
(usually unpredictable) may move up or down, 
this depending on many factors, chief of which 
are inherent grain size and form and distribution 
of non-metallic inclusions, to which further 
reference will be made. In the larger sections 
the change in structure which follows will not 
make much difference to the physical properties. 


Oil Quenching (a genuine “hardening” 
operation) and subsequent tempering is becoming 
much more general. In the earbon and low alloy 
steels, air cooling is usually the order, but even 
in these steels considerable benefit can be derived 
from Oil Hardening and Tempering. Higher 
yield strength, greater yield ratio, higher 
Brinell hardness and tensile strength, with some 
improvement in elongation and usually consider- 
able inerease in the reduction of area, greater 
angle of bend and, generally, superior Izod 
Impact figures can be obtained as a result of this 
treatment. For obvious reasons it is usually 
confined to castings which are not of very 
complicated section, although there is little 
danger of cracking in these steels provided due 
eare is taken in the operation and the initial 
annealing has been effective. 


The Higher Alloy steels need the Hardening 
and Tempering treatment to secure the full 
benefit of the alloying elements, but in compli- 
cated seétions air cooling must be substituted 
for the oil quenching. If very high initial 
hardness is necessary in the more complicated 
sections, the Higher Alloy steels of the air 
hardening type must be chosen. 


The stainless steels (other than the Austenitic 
types) all call for Hardening and Tempering, 
not only for reasons of physical properties but 
because this treatment is necessary to develop in 
full the stainless properties. In the low Carbon 
Type however, (sometimes known as Rustless 
Iron) fairly good stainless properties are present 
in any Heat Treated condition (e.g. annealed or 
normalised) provided the casting is not unduly 
strained by machining or from any other cause. 
The Austenitie steels, both Chromium and 
Manganese, need the quickest cooling possible 
from a fairly high temperature—usually in 
excess of 1000°C. and generally 1050°C./1100°C. 
Where possible Water Quenching is used, if not 
possible, Oil Quenching is quite effective, and 


even an air cool will, to some extent, develop the 
most desirable features in these steels. Where 
subsequent welding operations are required, in 
erection or repair, of the Austenitic steels, a 
stabilised type of steel, not subject to the 
phenomenon of “Weld Deeay”, must be chosen. 


’ All Heat Treatment operations need eare and 
time. It is a first principle in foundry work to 
remember that the only thing obtained in a hurry 
in a Steel Works is trouble. This applies most 
particularly to the melting and subsequent Heat 
Treatment operations—hurry in these is sure to 
bring trouble—it is certain to turn out to be 
expensive in the long run, and may be fatal for 
the castings coneerned. 


The percentage of foundry products ordered 
to one of the many present-day specifications 
with tests and inspection, as would be expected 
from the greatly inereased range now covered, 
is continually on the increase, as indeed is the 
number and type of tests now applied. 


From the Tensile Test only of the “Wearing 
Quality” days we have reached the stage of 
Tensile, including Yield Point, Elongation and 
Reduction of Area, Bend Test, Izod or Charpy 
Impact Test, Radiographic Examination, Super- 
sonic Testing, and Magnetic Crack Detection, in 
addition to the older Hydrostatic and Pneumatic 
Tests. Whilst the Supersonic method of defect 
detection has not yet found much application in 
the foundry, there is every possibility that one 
day, further developments in this equipment 
will bring it more into use for Steel Castings. 
There is a tendency these days, however, to cut 
out the bend test, as “serving no useful purpose”. 
The 


question is occasionally asked “what 
properties of the steel does the bend test 
represent”? If we consider the mechanism of 


failure, it will be obvious that it occurs because 
of overstrain (as distinet from over stress) at 
some particular point. As long as the metal is 
capable of readjusting itself to accommodate 
this overstrain by plastic movement, no failure 
will occur. Without going more deeply into this 
question it may be suggested that the bend test 
gives a better indication of the capacity of the 
steel to effect this readjustment without fracture, 
than any other test, and consequently should be 
an essential part of testing. 


It is perhaps well to make one point regarding 
pneumatie and hydrostatic testing. It must be 
remembered that no metallic material is perfect 
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(this is, possibly, one of the main reasons for 
testing) all, to a greater or lesser extent is 
flawed. Whilst Pneumatic testing is usually 
confined to nominal pressures of 100 or 150 Ibs. 
per sq. inch which is normally sufficiently 
searching, hydrostatie testing is always carried 
out at a pressure which constitutes an overload 
as far as the working pressure is concerned. 
This can prove a danger, not as such during 
the period of test, but rather as a_ possible 
source of weakening, which may proceed to a 
point where failure could eventually oceur at a 
much lower pressure than the test figure. It will 
be within the experience of most Surveyors that 
failure of valves, pumps, cylinders ete., has. 
occurred at working pressure, in spite of recently 
withstanding a test pressure. In such eases, the 
test itself may be suspect as a primary con- 
tributing cause of the failure. 


Now as regards testing in general. It might 
be said at once that there is no fool proof method 
of arranging, combining, or conducting tests to 
ensure complete freedom from defects, either 
in a easting or in anything else. The most that 
can be done is to make sure, as far as can 
possibly be determined, that the article being 
tested generally meets the requirements which 
experience has shown to be necessary for the 
duties to be performed. Considering steel in 
general, it will be obvious that in any bar of 
wrought steel, the composition and condition 
vary from point to point along it. In a large 
ingot of approximately -25 per cent carbon, it 
will be found, through the differential freezing 
that takes place in any metallic alloy during 
cooling from the molten state, the carbon 
content alone may vary as much as 5 points 
(‘05 per cent) or more from bottom to top of 
ingot, and of course the bar rolled from it will 
vary too. With no space to go more than very 
superficially into this question it can only be said 
that this is true of all alloys whether soluble in 
liquid and solid states, only partially soluble in 
either or both, or completely insoluble in both. 
What is true of an ingot is equally true of a 
casting, which is a variously shaped ingot cast 
in a refractory mould, instead of into a regular 
shaped chill mould. Other things being equal, 
the smaller the casting the less the variation. 
During cooling down, particularly in very slow 
cooling, some redistribution (diffusion) takes 
place, so that finally not very much difference 
will be found in the general run of castings. In 
very large thick castings, some difference will 


persist, possibly enough to be noticeable in the 
Physical Tests. It does not follow in any case, 
however, that because a casting test piece gives 
a tensile figure of 28 tons per sq. inch that that 
is the tensile strength of the casting, it will most 
probably be somewhere in the vicinity, oecasion- 
ally it may be a long way from it. Unfortu- 
nately, the only way to find out is to destroy the 
casting, which isn’t good practice! It is possible, 
however, to check the Tensile Strength approxi- 
mately, by means of a hardness test and in case 
of doubt, this can always be done. It is a 
debatable point, and one which has been brought 
to the front again recently, whether it is better 
_to have cast on test bars or not. No amount of 
argument, and no load of statisties will prove it, 
one way or the other. Each ease will vary, 
depending amongst many other things on the 
ratio of the test piece size to casting size, its 
position in the mould and hence on the easting, 
and, of equal or greater importance, its position 
in relation to the casting and the position of the 
casting in the furnace load, during the Heat 
Treating Operations. However, whatever the 
drawbacks of the: system, until some _ better 
method is hit upon, physical testing, by means of 
the usual specimens, will remain the chief item 
upon which we must rely for an indication of 
the castings worth or uselessness. If fault is to 
be found with the system when tests fail to meet 
requirements, the remedy lies in the foundry to 
take all the precautions necessary to ensure that 
the test pieces most nearly represent the castings. 
It is a matter, I am afraid, with which many 
foundries concern themselves too little. It is a 
fortunate natural phenomenon that _ steel, 
generally, does more in service than ean reason- 
ably be expected of it! 


In addition to the Physical Tests nornially 
specified, for important service the use of X-ray 
or Gamma Ray inspection is becoming more and 
more the rule rather than the exception. It has 
much to recommend it and I believe its most 
important function is to shock the foundry into 
a realisation of how badly it can make a casting. 
The effect of a radiograph showing a really bad 
effort must be seen to be appreciated. It is a 
fact that the making of a good casting does not 
depend on equipment and facilitates so much as 
on a correct mental attitude, an “approach”, 
and the surest way to encourage this is to show 
just how bad a beautifully skinned and perfect 
looking casting can be inside. Some foundry- 
men, given the best equipment in the world, 


would still make castings falling far short of the 
standard another man might make in a shed. 
That is human nature. It must not be imagined, 
however, that Radiographie Inspection is either 
the cure-all for bad foundry practice or the end 
of the road as far as inspection is concerned. 
It is quite possible, for instance, to examine a 
casting 100 per cent radiographically and 
imagine it nearly perfect only to discover that it 
leaks on hydrostatic or pneumatic test. It must 
be remembered too that a Radiograph will show 
only those defects which lie in a certain plane, 
and only these if of sufficient magnitude to 
affect the passage of the rays. In other words 
the Radiograph will only show certain aspects of 
the macroscopic faults, and failure can and does 
occur through microseopie faults. 


As it is almost impossible to make the perfect 
casting, it must be expected that all radiographs 
will show some defects and it becomes necessary 
to decide whether those shown ean be left alone, 
as unlikely to cause failure in service, or whether 
they should be excavated and repaired. No hard 
and fast rules ean be laid down; decision must 
be a matter of experience, but in view of the 
growth of this form of inspection American 
Authorities have thought it necessary to issue 
tentative standards of allowable defects as a 
guide to those involved in Radiographic 
Inspection. 


Magnetie Crack detection will only pick up 
those defects which lie on, or very close indeed 
to, the surface and its use is generally confined 
to the examination of machined or ground 
surfaces, particularly when tracing an obvious 
defect, preparing for a welding repair or after 
the repair is completed. Many defects can be 
imagined, however, and experience is necessary 
for correct diagnosis in this test too. 


As regards the normal Physical Tests, it can 
be said that in Wrought materials the fracture 
of the tensile test piece usually gives a very fair 
indication of the general quality of the material 
and some indication of the effectiveness or other- 
wise of the Heat Treatment. All wrought 
materials have directoral properties and these 
vary according to the amount of “dirt” or non- 
metallic matter present. In a_ perfectly clean 
wrought steel there would be no difference in the 
Physical Properties of Longitudinal, Tangential 
and Radial test pieces. It is the non-metallic 


inclusions present which, drawn out by the 
mechanical working, assume line or fibre-like 
configuration and cause the wide differences 
which are sometimes met with in longitudinal 
and transverse tests, particularly as regards the 
ductility. In a_ easting these directional 
properties should not be evident. If the 
fractured test piece reveals a tendency towards 
this it will be found that the appearance of fibre 
almost invariably runs across and not with the 
axes of the test pieces. In this event it will be a 
function of the cooling phase which, in turn, 
depends on the temperature of the metal entering 
the mould, the mould temperature, the desiga 
and position of. the test blocks, and hence the 
subsequent speed of cooling. Most important, 
however, is the fact that this appearance in a 
casting test piece will be associated with entrap- 
ped non-metallic inelusions and most probably 
will include some slag. 


As it is possible that failure to meet speci- 
fication requirements will result from this it 
becomes necessary to decide whether the casting 
will show the same structure as the test piece. 
It is sometimes said by Test House Personnel 
that a test failure is due to “dirt” in the test 
piece. It might be pointed out, in these eases, 
that :— 


(a) The “dirt” should not be there. 


(b) If the test piece contains enough “dirt” 
to cause failure, it is a reasonable assump- 
tion that the casting will contain the same, 
and hence, may fail on accidental over- 
load. 


It is rather surprising that some experienced 
people will assert that one small defect ruins a 
test piece, “quite naturally” and in the same 
sentence assert that a thousand or so in the 
article represented will have no effeet on its 
intended service. 


It is a fact, however, that a properly heat 
treated test piece will accommodate quite a lot 
of dirt without failing to meet the specification 
and a second good anneal (and heat treatment 
if called for) is a sound decision in these eases. 
Where a number of small castings are covered 
by the tests it sometimes pays to sacrifice one 
casting in an effort to save the remainder, as it 
is often found the castings are actually better 
than the test pieces which represent them. In 
the case of one large casting, of course, this is 
impossible but it is often possible to obtain a 
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small test piece from some part of the casting 
carrying excess material. It becomes largely a 
matter of experience, therefore, in deéiding 
what reliance can be placed on the result of a 
failed test piece as all the factors mentioned 
throughout this paper can play a greater or 
lesser part in such failure. We are left with the 
final question, in spite of a failure and the fact 
that the specification has not been met, “will the 
article perform the duties for which it is 
intended”? Needless to say, there is no general 
answer to that, it depends on so many 
circumstances. 


The number of casting defects possible, of 
course, is legion. Let us consider some of the 
more important of them. Mention has been 
made of porosity on the top surface of castings. 
If this is confined to one or more special, 
restricted areas it is almost certain to be the 
result of a failure in “heading”. This may be 
due to inadequate height, insufficient diameter 
or wrong shape. It is advisable, when seen, to 
excavate completely and to make absolutely 
certain that the bottom of all affected areas is 
reached. There is one other point to keep in 
mind when dealing with this type of defect—as 
the affected areas lie at the bottom of heads 
there is a distinet chance of segregation in and 
under the sound skin—this could affect welding 
and be the cause of failure after welding repair. 
Fig. 2 shows an area of a failed casting. It will 
be seen that the crack originated at the edge of 
the base of a welding repair. Oxide will be seen 
in the weld itself and in the parent metal 
surrounding: it. 


It is not unusual to find general porosity on 
these top surfaces—this may be due to one or 
a combination of several causes. It ean be due 
to “blown” metal when it will possibly be 
general throughout the casting, inside as well as 
outside. A little exploration will prove or dis- 
prove this. It can be due to lack of venting 
in the top portion of the mould, it can be due 
to too much ramming (which is allied to too 
little venting) or it can be due to damp. portions 
of mould or core. Any surface blowholes should 
be explored, they may be innocent and alone, 
they may be a sympton of a more general disease. 
It does not follow that a cracked or pulled 
casting is automatically serap—it depends on 
the position, extent and depth of the defect in 
relation to the casting. In deciding on repair 
or rejection it should be borne in mind that the 


casting is, at any rate, the ideal starting ground 
tor welding repair; it is a case of cast metal 
going into cast metal, and for this reason 
perhaps more welding can be tolerated than in 
the case of the welding of rolled materials, All 
eracks or pulls, however, must be completely 
excavated and investigated. These are most 
liable to be found at corners, sharp changes of 
section or where a thinner portion joins larger 
end sections. They can be the result of too hard 
ramming, bad design or a combination of mould 
and metal conditions. Cold eracks—usually 
recognisable because of long fairly straight runs, 
are dangerous because of their tendeney to run 
out into very fine ends—in investigating these 
it is almost an essential to use magnetic crack 
detection. There are many causes of cold 
cracking, but often, faulty design, moulding or 
steel making is responsible. If it is decided the 
casting can be saved the areas excavated and 
their surroundings should be explored magnetic- 
ally. Hot tears, recognisable because of the 
“blue” colour of their inner surfaces, need the 
same treatment. ‘Strangely enough, the hot 
tear seems to appear anywhere on a casting, in 
unexpected as well as expected places. 


Cold shuts or laps are in appearance very like 
the lap of the rolled or forged article. They are 
caused mainly through low temperature of 
pouring, but ean oceur in castings run from a 
normal temperature, a variety of local mould 
conditions occasionally giving rise to them. 
Excavation will reveal their extent and whether 
the defect is easily repairable. As the extent 
is variable and indefinite, the area should be well 
explored. 


The small mis-run portion is usually self- 
evident and generally building up is not difficult. 
This also applies to depressions caused by mould 
conditions but the depression may have a cavity 
underneath and this should be looked for. 


“Seabs”, sand burned in, and other surface 
imperfections are generally purely local and 
often their only drawback is that the appearance 
of the casting is spoiled.“ On surfaces to be 
machined they should be removed because of the 
damage to tools which will occur in the 
machining operations. 


The foregoing are a few of the outside defects 
which visual examination can reveal. Seen, 
more than half their danger vanishes. Unfor- 
tunately, many of them occur internally and it 


is by no means certain that because a casting 
looks alright that it is so. 


The porosity due to inadequate heading, blown 
metal or bad mould conditions, whilst it may 
be extensive, and in the last two cases, even 
general, may give no indication on the casting 
surfaces. Quite often it is revealed only on 
machining, and occasionally it may escape 
detection on machined surfaces only to be 
revealed on Hydrostatic or Pneumatic test. For 
this reason, it is sound practice to carry out 
these tests at the foundry when possible. Some 
foundries make it standard practice so to test all 
their castings which are to be used as pressure 
castings in service. 


Cracks, pulls and hot tears ean all oceur deep 
inside a casting with no outward indication at 
all. Radiographic inspection is the only means 
of finding them, and some very fine defects will 
escape even this. Internal cavities, larger or 
smaller blowholes, sand and larger or smaller 
non-metallic inclusions, singly, in groups, or 
fairly general, can also be met with. A very 
large number of castings (one is almost tempted 
to say all) show shrinkage—it will vary from 
the faintest tendency (whieh cannot be picked 
up on excavation) to large cavities occupying a 
high proportion of the sectional area. Dealing 
with any of these is a matter of experience, for 
rejection or repair depends on size, degree and 
position. It can be said, however, that cracks 
should be investigated whatever their size, 
because of the possibility of gradual extension in 
service. Hot tears are usually large enough to 
make investigation imperative. Shrinkage if 
if only slight, can often be left alone as unlikely 
to cause failure in service, but if extensive should 
be explored. The difference in treatment is due 
to the fact that cracks and hot tears usually end 
in fine extensions which are almost certain to 
extend under stress, the ends of shrinkage areas 
are usually rounded and to this extent less likely 
to do so. Needless to say there are always 
exceptions. 


The size, form, and distribution of non- 
metallic inclusions has been mentioned. Figs. 3, 
4, 5 and 6 are given as indicating some of the 
more important of the countless combinations 
Which are possible. All of those shown, which 
depend on melting and finishing conditions in the 
Steel Making phase, are dangerous types. The 
type shown in Figs. 3 and 4 is responsible for 


a very considerable reduction in ductility. That 
in Fig. 5 also reduces the ductility to very 
low figures indeed whilst Fig. 6 shows a type 
Which also may result in complete failure to meet 
specification requirements. Fig. 7 shows an 
inclusion found in a steel casting which, in 
appearance, more nearly resembles a slag streak 
in wrought iron. It is occasionally said that 
non-metallic inclusions are normally harmless 
except in large numbers. The wisdom of. this 
might be questioned after examining Fig. 8 which 
is from an Alloy Steel Casting before Heat 
Treatment. The black lines. joining the dark 
compound inclusions in the ferrite area are 
actually cracks and these could be the cause of 
extensive cracking in Heat Treatment, whilst if 
no extension of cracking occurred, then failure 
in service might well result from this minute 
beginning, particularly in the case of service 
involving alternating or vibratory stresses. 


The total Sulphur and Phosphorus contents 
of all these steels (except Figs. 3 and 4) are less 
than -04 per cent each. The casting from which 
Figs. 3 and 4 were taken had Sulphur content of 
056 per cent and Phosphorus -043 per cent. 
Many steels with much higher figures than these 
possess excellent ductility. 


Examples of faults revealed by radiographic 
examination are given in Figs. 9 to 14. Figs. 
9 and 10 are radiograph and actual sectioned 
casting respectively of a fault due most probably 
to mould or running conditions. Other castings 
from this heat showed no porosity. Figs. 11 
and 12 show a radiograph and its sectioned 
casting which had fairly general shrinkage. The 
radiograph gives a picture which appears to be 
much worse than sectioning shows the actual 
vasting to be. Figs. 13 and 14 are radiograph 
and sectioned casting showing isolated shrinkage. 
These two are of interest from the point of view 
of design. It is almost certain that had a radius 
been provided for instead of the sharp corner 
shown, no shrinkage would have oceurred in this 
area and the casting would have been completely 
sound, as this was the only area showing a fault. 
Fig. 15 shows a casting rejected on Radiographic 
Examination (not by Lloyd’s Register) which, on 
cutting up, showed how far out a Radiograph 


can sometimes be. The radiographic report 
suggested that this casting was eracked, the erack 
running from a central cavity to the inside 
surface. On cutting up, the central cavity was 
revealed, small enough for the casting to be 
satisfactory in service, but no erack could be 
found. 


Finally, having ended on a “note of failure’’ 
I yield to temptation and quote a portion of a 
paragraph from the letter referred to on page 3 
which was written, I believe, in the late 1880's! 


“Notwithstanding all the care and precaution 
that may be taken in forming the moulds, and in 
the selection of the material used for the purpose, 
steel castings are not infrequently found with 
more or less serious cracks or defects”. 


Perhaps, we haven’t come as far as I thought ! 
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Since completing the paper an excellent 
example of the type of fracture showing 
“direction” mentioned on page 33 has come 
along. 


Fig. 16 shows the appearance of the failed 
bend test, approximately three times full size. 
Fig. 17 shows the sulphur print taken im- 
mediately behind the fracture, Fig. 18 gives, at 
a magnification of 10, the dendrites always 
present in this fracture. Fig. 19 at a magni- 
fication of 50 shows part of the same area. The 
large number of non-metallic inclusions present 
in the dendrites can be seen, whilst Figs. 20 and 
21 show at magnifications of 200 and 500 large 
slag inelusions of different types which are 
scattered throughout the section. 
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DISCUSSION ON MR. T. W. BUSHELL’S PAPER 
MODERN FOUNDRY PRACTICE 


The meeting was held in Neweastle on 
Wednesday, 28th Febuary, 1951, with Mr. Edgar 
in the Chair. 


In opening the meeting Mr. Edgar said he 
wished to extend a welcome to the members from 
Sunderland, Middlesbrough and Hartlepool, and 
also to Mr. Norman Turnbull, Mr. Watt and 
especially to Mr. Parker who had come from 
London to attend the meeting. 


After Mr. Bushell had read his paper Mr. 
Edgar asked Mr. Galliford to open the diseus- 
sion. 


MR. GALLIFORD 


Mr. Galliford introduced the discussion and 
congratulated the author on his valuable paper 
which must have taken a considerable amount of 
time to prepare, and gave much food for thought. 


He was in full agreement with the essentials, 
enumerated by the author, which are necessary 
to the production of good castings, i.e., 


(1) Design 

(2) Pattern 

(3) Moulding 

(4) Steel Making and Casting 


and, after commenting on these items, mentioned 
that in connection with item (4) he felt sure that 
many casting faults were due to teeming at too 
high a temperature. With regard to this remark 
he asked the author if he considered immersion 
pyrometers a great, if not an essential, asset to 
a modern steel foundry. 


Reference was then made to page 6 of the 
paper which states :— 


“After an appropriate interval the work of 
freeing the casting from the mould as much as 
is possible commences,” 


and the speaker pointed out that in foundry 
practice it is essential to define the appropriate 
interval, and there is so much to be taken into 
consideration in this connection. The author was 
asked if he was of the opinion that the easing 
too quickly, after casting, of large castings, e.g., 
sternframes and rudders, by removing of “draw- 


backs”, is often responsible for quite a few con- 
traction eracks, due to the disturbance of the 
steel in its  semi-frozen and _ therefore 
weakest condition. The speaker was of the 
opinion that this was the seeret of the appropriate 
moment. Steel at the point of freezing is in its 
weakest condition and only through experience 
can a moulder or the person in charge of 
foundry practice know when that appropriate 
moment has arrived. He felt sure that many 
castings have been lost by stripping them from 
their moulds at the moment which has not been 
appropriate. 

The question of deformation of castings 
during heat treatment, particularly of large 
castings, was then referred to, and an example 
given of tests carried out on a sternframe of the 
Simplex type which resulted in considerable de- 
formation being found to have taken place. The 
author was asked if it was possible that this de- 
formation was due to unequal sections of the 
sternframe being relieved of their casting stresses 
at differing intervals during heating in propor- 
tion to the masses of the varying sections. 

With reference to physical tests, Mr. Galliford 
was in agreement with the author that priority 
must be given to tensile and bend tests on all steel 
castings and considered bend tests indispensable. 
In all cases of castings being repaired by electric 
welding the speaker stated that, after recent 
experience, he was of the opinion that all such 
welds should be tested with a magnetie crack 
detector before acceptance. 

In conclusion, Mr. Galliford asked the author 
exactly how the position of the thermo-couples are 
determined in the furnace to ensure that the 
charge receives the benefit of the automatie temp- 
erature control. 


MR. J. H. JOHNSON 


Mr. Johnson stated that in a lot of foundries 
the annealing temperature was 920°-930° whereas 
850° was stated in the paper, and the author was 
asked regarding this difference. Mr. Bushell 
replied that 875°-880° was an excellent temp- 
erature and that in certain states a high 
temperature could lead to grain growth. 


MR. H. J. ADAMS 


Mr. Adams stated that before the war a con- 
siderable number of troubles were experienced 
with sternframes formed of intricate castings. 
These were attributed, in part, to the thin walls 
and webs which were later increased in thickness 
Can the author say if this cnre has been 
successful. 


During the war, when castings were difficult to 
obtain, sternframes were fabricated of small 
castings and heavy plates, the latter being welded 
to the castings. The plating was thick and the 
welding was, of necessity, of considerable size. 
On the early plans it was required that the 
finished stern frames should be locally annealed in 
way of the welding but this requirement was 
later omitted. The author was asked if he would 
say if this was sound practice, and why the re- 
quirement for annealing was dropped. 


Further to this subject the speaker asked if 
castings which have been repaired by welding are 
re-annealed in the foundry. Outport surveyors 
frequently have to deal with repairs to cast steel 
sternframes, which are in practically all cases 
already built into the ship. Mostly they are cases 
where the vessel had been in service but in one 
case known to the speaker a small fracture was 
noted in the boss of a new sternframe after it had 
been worked into the vessel. It was decided to 
eut out and weld up the fault. After excavation 
of the cavity in order completely to eliminate the 
fracture a very respectable pit was produced. 
This was welded up in a continuous operation 
and the welders took the trouble to count the 
electrodes used. The figure reached was in the 
neighbourhood of 500. A furnace was_ built 
around the repair, the casting well soaked locally 
and so far as is known the repair gave every 
satisfaction. The author was then asked if 
annealing is generally necessary in welding re- 
pairs to cast steel sternframes. 


MR. H. DICKERSON 


In the absence of Mr. Dickerson a contribution 
from him was read by Mr. Seott of 
Middlesbrough, as follows :- 


“Mr. Bushell’s paper brings home to us the 
great complexity of steel foundry practice and we 
realize, more than ever after reading it, the im- 
portance of the duties of our surveyors of 
forgings and castings and the sound judgment 
required of them in their inspection work. 


te 


“A combination of experience, technical and 
practical knowledge of foundry work, and 
appreciation of the function of a casting are 
necessary to decide, for example, when a defect is 
of major or minor importance and whether it can 
he accepted and repaired, or whether the casting 
should be rejected. If the defect can be repaired 
then the technique to be adopted has to be deter- 
mined which may require a knowledge of welding 
procedure. 


“Mr. Bushell does not appear to have a good 
opinion of all casting designers and refers to 
castings which have failed on account of bad 
design. This surely could be avoided if there 
were efficient collaboration in the early stages 
between the designers and the men who have to 
make the castings. 


“Tf space could have been found in the paper 
it would have been instructive if some sketches of 
bad features in design, from the foundryman’s 
point of view, could have been given and perhaps 
Mr. Bushell could offer some further remarks on 
this matter. 


“Defects such as ‘dirt,’ ‘cracks,’ ‘pulls,’ ‘blown 
castings,’ ‘cold eracks,’ ‘hot tears,’ ‘cold shuts,’ 
‘laps,’ ‘seabs,’ are referred to. It is very diffieult 
to describe some of these defects and they must be 
seen in the casting for their significance to he 
appreciated. 


“Perhaps if we knew what the insides of some 
castings which had proved satisfactory in service 
were like, we would be better able to assess the 
importance of those defects that are seen in 
castings at the foundry. 


“Hydro-blasting, which I have 
operation, is being inereasingly used in this 
country for the dressing of castings and it would 
be interesting if Mr. Bushell could say something 
further about this. 


seen in 


“T have read Mr. Bushell’s most instructive 
paper with great interest. Having — been 
associated with him on important casting eases | 
am sure we could not have had a better guide for 
our tour of the modern foundry.” 


MR. A. T. S. SHEFFER 


Mr. A. T. S. Sheffer remarked that on page 18 
of the paper there is a statement—“Providing the 
easting is not unduly strained by machining” and 
wondered if the author could give an example of 
a casting strained by machining. 


He also mentioned that the author appeared to 
have confined his remarks entirely to steel cast- 
ings and steel foundry practice. However, as he 
undoubtedly knew, “Mehanite” castings have very 
frequently to be accepted for ship side fittings in 
lieu of steel castings, which are still in short 
supply. The speaker stated that he understood 
“Mehanite” was a special form of very high 
grade cast iron and he would be glad to have 
the author’s remarks on the faults likely to be 
found in such castings, and also his remarks on 
the weldability of this material with particular 
regard to the service conditions of ship side 
fittings. 


MR. R. M. HILLS 


Mr. Hills asked if the excessive number of 
chaplets in castings would in any way contribute 
towards faulty castings, to which the author 
replied that their removal should be ensured as 
far as possible; and in reply to Mr. Seurr he 
added that the chaplet stalk should also be re- 
moved if still visible. 


MR. D. F. PRESTON 


Mr. Preston referred to the heat treatment of 
sternframes, and asked if the author could give 
any ideas as to how many local heats would eall 
for a fresh annealing at 650°, also if a number of 
heats at 650°-680° without heat treatment 
can induce any strain in the sternframe in 
question. 


MR. H. P. SOUTHWELL 


Mr. H. P. Southwell then said that in listening 
to Mr. Bushell’s well-arranged and comprehensive 
paper it was striking to notice the number of ‘ifs’ 
it contained. In production of steel castings 
there are so many factors which must contribute 
to successful results that it may well be wondered 
how a good casting can be produced with any 
degree of certainty. Added to this the fact that 
there as much disagreement among the experts on 
the subject of casting technique and procedure, 
and the chances of suecess seem smaller still. 


The speaker hoped that no one who read this 
paper would allow his sympathies with the steel 
founder to sway his judgement when faced with 
an unsatisfactory casting. Mr. Southwell assured 
everyone that good castings can be produced in 
spite of the difficulties. It takes care, experience 
and perhaps a bit of luck, and the accent is on 
experience. 
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lt was further stated that the right technique 
can nearly always ensure that the risk of internal 
flaws at-danger spots is greatly minimised, though 
this must sometimes be done at the expense of 
the soundness of other parts of the casting where 
defects may not be a serious matter. 


When high grade castings are required for 
special purposes, it is quite usual to produce 
prototypes first and, by radiography and 
sectioning of the castings, determine the best 
technique for successful production. 


The speaker remarked that Mr. Bushell had 
recently been engaged in this method of investi- 
gation, and asked him to deseribe the procedure 
and the reasons for it when he replied to the 
contributions. 


It was also suggested that he should say why 
he considered the reduction of area of a test bar 
to be so important, and whether he agreed that it 
is closely related to the elongation. 


Comment was also made on the suggestion that 
castings which may fail early in their life may 
have been overstressed during the hydraulic test. 
Any such failure would almost invariably occur 
in way of an unsuspected defect; it would be as 
difficult to prove this point as it is to disprove it. 


As is known, few castings, if any, are designed 
solely for the pressure which they have to with- 
stand. In practically every case the scantlings 
are determined by the foundry requirements, and 
are consequently heavier than would otherwise 
be required. 


Mr. Southwell remarked that the author 
emphasised that steel foundry work was an art 
allied to science, and, whilst in agreement with 
him on this matter, added in conclusion that 
during his various visits to steel works in this 
district he had met quite a number of his 
scientists and an even greater number of his 
artists, in consequence of which he had long since 
decided that he had better pin his faith to the 
scientists. 


The Chairman then asked Mr. Southwell to 


‘propose a vote of thanks to Mr. Bushell. 


Mr. Southwell thanked Mr. Bushell on behalf 
of all members present for the very excellent 
paper he had given. 


The following written contributions to the 
discussion have also been received. 


MR. R. R. HOLTUM 


On the question of heat treatment in general, 
the author emphasises the necessity of thorough 
soaking at the annealing or normalising tem- 
perature. It is usual to quote one hour per 
inch of thickness, and I should be glad if the 
author would state what is the normal foundry 
practice with castings of varying thickness, since 
any excessive time spent above the upper critical 
may result in grain growth in the thinner sections. 
Might not this be the occasional cause of fracture 
of eastings of complicated shape? 


Has the author’s experience indicated that the 
use of aluminium as a deoxidiser is conducive to 
graphitisation and should be regarded with 
caution ? 


The author mentions the phenomenon of weld 
decay, and I would ask whether the small addi- 
tions of the stabilising elements columbium, 
titanium or molybdenum necessitate any refine- 
ments in heat treatment technique? 


In view of the author’s comments in various 
parts of the paper on the value of radiography, 
it is surprising to read on page 20 that he 
considers its vital function is the psychological 
effect produced on the foundry staff. No doubt 
the introduction of an X-ray or gamma-ray unit 
to a works acts on the personnel as a stimulus, 
but to attribute the inereasing use of non- 
destructive testing to this aspect is surely some- 
thing of a heresy. In dealing with the casting 
shown in Fig. 15, he states that the radiograph 
was at fault in indicating a non-existent 
dangerous defect. “Does he not agree that the 
fault lay in poor interpretation, and that had 
an angle shot been taken before the casting was 
rejected the defect would have been diagnosed 
correctly? 


Can the author state whether the supersonic 
method for the detection of internal flaws is 
considered by the foundries to be of value and 
whether it is being adopted for practical use? 


Finally, would the author explain why he 
deprecates the use of cored holes in castings, 
sinee, except for the added difficulty in producing 
them in the foundry, the principle appears sound? 
A large number of cast iron crankshafts with 
cored holes have been made quite successfully. 


MR. K. W. FOX 


May I express my thanks to Mr. Bushell for 
his very useful and informative paper. Owing 
to the short discussion, the following points were 
not brought up, but it is hoped that they will 
prove of interest. 


On page 19 of the paper reference is made to 
the use of supersonic testing. As I understand 
it, one of the essentials in carrying out this test 
is the intimate contact between the electrodes (?) 
and the job. This necessitates a finish machined 
surface to work on. Another objection, to my 
mind, is that this method of testing requires a 
fairly constant thickness of metal to work on to 
ensure accurate results. 


Mr. Galliford brought up the question of 
thermocouples in automatically controlled 
furnaces. It is thought that the following 
details of such a furnace I have had under my 
control may be of interest :— 


The furnace was 27 feet by 6 feet by 5 feet and 
had three controlling thermocouples in the roof. 
The furnace was thus divided into three zones, 
each zone having two gas burners on each side, 
controlled by the appropriate thermocouple. There 
were six recording thermocouples, three on each 
side, each thermocouple being inserted in the side 
of the furnace about 18 inches above the trolley 
bed. A very close degree of control was obtained 
on this furnace and hot and cold spots practi- 
cally eliminated. 


While on the question of heat treatment, | 
have found that when, after failure due to dirt, 
an anneal does not give the required improvement 
in test results, it is sometimes possible to improve 
the properties sufficiently by giving the job a 
further normalize, followed by tempering with 
cooling in the furnace. 


The author's opinion on the first and last points 
referred to would be appreciated when he has a 
little time to spare. 


MR. R. J. VOGAN 


The author is to be congratulated on a very 
interesting paper and in presenting the problems 
of the foundry to the engineer, who usually sees 
vuly the finished product. 


1 would like the author’s opinion on the 
ductility bend test required on “D” shaped steel 
(forged and east) cable shackles and in particular 


to the special quality steel shackles (32-40 tons 
per sq. in. material). The shackles have to be 
opened whilst cold until the sides are at an 
angle of 45° to each other, and then closed again 
until the sides are again parallel. I would add 
that there are many failures on the larger sizes. 


Special quality forged steel cables on examina- 
tion after test sometimes show cracks, necessitating 
a return of the cable to the manufacturers, which 
in some eases involves considerable delay and 
expense in transport. I would like the author’s 
suggestion of a method of procedure so as to 
avoid this. Would it ‘be possible to bottom the 
cracks and fill in with electrie welding and follow 
up the welding by hammering the weld metal so 
as to refine it, or, alternatively, to heat locally in 
the weld area after the welding is completed? 


MR. A WATT 


It was a real treat to listen to Mr. Bushell 
expounding on this most important subject and 
his exposition, and the extremely full paper shows 
that he is a master craftsman. 

It was to me a happy reunion with colleagues 
in the North Eastern Region, and Mr. T. A. 
Orde and Neweastle Staff are to be heartily 
congratulated on the excellent arrangements made 
for the first paper to be read by its author in a 
port away from London Office. 


I listened with keen interest to the discussion 
and the author’s apt explanations and answers. 
Altogether the paper, together with the discus- 
sion and replies will serve as a elassie reference 
for Surveyors—young and old. 

My experience in the inspection of steel 
castings extends over a period of over 30 years, 
and the castings included sternframes, rudder 
frames, spectacle frames and “A” brackets, as 


well as steam turbine castings, valve chests and 
sundry branch pieces. 


Mr. Bushell has, in my opinion, covered practi- 
cally all the technique of steel castings, and from 
an engineer surveyor’s point of view, his advice 
on the examination and testing deserves careful 
perusal and study. 


Steel castings are “kittle” things and require 
careful scrutiny by surveyors both at the 
foundry and in the works after machining and 
during hydraulic testing. 


As stated in page 5, paragraph 3, co-operation 
by the pattern shop and foundry is essential for 
the efficient produetion of sound steel castings. 


It has been noticed repeatedly that certain 
steel foundries produce excellent castings whilst 
others produce castings which are truly a “head- 
ache” to the surveyor, as well as to the works 
whieh receive them, and these cause considerable 
expense of time to surveyors and works, and 
money to the works. 


Shrinkage or tear eracks are the “bane” of a 
surveyor’s life, and these are usually due to 
careless preparation of the patterns or the mould. 


When defects are found in the works, the 
castings ean often be saved (instead of being 
scrapped) by cutting out the erack or cavity and 
building up by electric welding. After welding 
it is nearly always essential to “stress relieve.” 
The surveyor should insist on seeing each cavity 
before electric welding is done, and sometimes 
it will be necessary to check by using the magnetic 
erack detector. 


Would Mr. Bushell give a fuller explanation 
of “green sand” moulds—referred to on page 5, 
paragraph 4+? It is concluded that all moulds 
and cores for steel castings are well stoved. 


AUTHOR’S REPLY 


Before replying to the points raised at the 
meeting and in subsequent correspondence, I must 
draw attention to one or two items in the paper 
which need correction. Unfortunately there was 
no time in which to check over the proofs and 
consequently the errors were unnoticed until after 
final printing. 

On page 15 the word “analysis” in the footuote 
should read “analyses.” On page 20 in the last 
paragraph “directoral” should read “directional” 
and on page 23, second paragraph, column 2 


“nage 3” should read “page 2.” In the addendum 
to the paper “page 33” should read “page 21” 
and fig. 16 whieh was reduced somewhat in 
reproduction is approximately twice full size and 
not three times as given in the text and also 
under fig. 16 on page 30. 

My friend, Mr. Curry, of Messrs. Blackett 
Hutton takes me to task on three points in the 
paper. He draws attention to my remarks on the 
ladle on page 12 where T say “The ladle is built 
up internally of siliea brick” which should, of 


course, read “fire-brick,” the accepted “silica” 
brick usually contains something like 95-96 per 
cent silica and -75 per cent alumina whilst the 
fire-brick normally employed has a silica content 
of approximately 54 per cent and alumina 40 per 
cent the brick being “neutral” rather than “acid” 
or “basic.” He also disagrees with my remarks 
on “too hard ramming” on page 22 being a 
possible cause ef cracking, pulling or tearing, 
pointing out that the modern tendeney is to use 
coke in fair proportion where this danger is 
possible. Still, there are foundries and foundries 
you know and “Modern Foundry Practice” must 
inevitably include “good” and “not so good,” 
there being no “bad” foundries | One important 
point is his remark on the paragraph beginning 
“Seabs” also on page 22. Very correctly Mr. 
Curry lays down the rule “where sand has 
disappeared be suspicious regarding its resting 
place and if possible find it”—it is a good maxim 
and one which I would emphasise for those 
colleagues engaged in castings inspection. 


Now with regard to the points raised at the 
meeting : - 


To Mr. Galliford | would say that immersion 
pyrometers are a great asset, of course, but it is 
amazing how accurate a good steel maker or 
foundryman becomes. I have known a good 
man to be right and the pyrometer wrong in a 
“difference of opinion.” 


It is possible for a casting to be “eased” too 
quickly—it is also possible for the “easing” to be 
delayed too long; it is doubtful which occurs the 
more frequently. Of the two evils, the former, I 
think, is the lesser. It depends mainly on design 
and the ratio of the “joining” portions—in the 
case of stern frames the deciding factor, I believe, 
is the thickness of the “web” portion and hence 
the time at which it becomes “pasty.” Tt will 
be evident that in this condition “restraint” 
means some degree of fracture whilst if eased 
early the maximum strain in a pasty condition 
might be transferred to a thicker end portion 
which may show a shrink but no “fracture.” 


Regarding deformation during the annealing 
operation, most of it is due to the releasing of 
unequal strains from which all castings suffer, in 
a greater or lesser degree. The greater the 
complexity of the casting and the greater the 
difference between sections, the greater will be 
the state of internal stress and the greater its 


variation from point to point. When these are 
released it will follow that movement will take 
place accordingly, and distortion to some extent 
is inevitable. 

In the furnace described in the paper the 
three pyrometers are built into the furnace and 
enter the chamber through the roof. One is 
central and the front and back ones rather 
nearer front and back respectively than quarter 
way. When the furnace is charged — the 
pyrometers thus are almost touching the topmost 
castings. 

The first point raised by Mr. Adams _ is 
connected with the “easing” question dealt with 
above. Increase of thickness of webs would 
give added strength at all temperatures, but it is 
probable that the thickening up delayed the 
arrival at the pasty condition long enough for 
“easing” of the castings to avert the danger of 
fracture. 

I cannot say why the requirement for 
annealing the fabricated stern frames was 
dropped, but I can imagine some of the finished 
stern frames were very distorted. Whilst 
annealing or stress relieving of heavy fabricated 
parts is an- excellent requirement, I should 
imagine that it was considered the lesser of two 
evils that the part was to shape and unannealed 
rather than annealed and badly distorted. 


Wherever possible local “annealing” or stress 
5S 


relieving should be carried out in the case of 


large repairs. Properly done, the expedient 
quoted by Mr. Adams is quite effective. 
Mr. Dickerson raises an interesting point 


regarding collaboration between designer and 
foundry. I can assure every designer that the 
foundry is always willing to discuss these points 
of casting design and much prefers to do so, 
given the opportunity. The difficulty is, so few 
designers ever make the approach, and when the 
drawing or pattern reaches the foundry, the 
design is an accomplished fact, often part of 
a much greater whole. In these cases the founder 
does his ‘best, often with little hope of suecess 
from the outset. 


I am sure that a large number of castings 
having varying degrees of shrinkage and porosity 
have given satisfactory service. Cases are on 
record where quite large cavities have been 
revealed after years of service. This is largely 
tied up, of course, with ratio of defect to 
whole, its position and, most important, the 
effectiveness of the heat treatment. 


It is probable that hydro-blasting will be 
found in inereasing use in many foundries. It is 
quite effective as a cleaning medium and those 
foundries in which it is installed speak 
well of it. Like most operations in the steel 
world, advantages are tied with disadvantages 
and it is largely a matter of the work to be 
handled that decides the final 
equipment. 


choice of 


The point raised by Mr. Sheffer regarding 
“machining strains” which is rarely 
appreciated. An analysis of the cutting operation, 
whether by machine tool or by chipping, 
shows that the final separation of “chip” from 
article is brought about by the point of the 
cutting instrument overcoming the _ tensile 
resistance of the material; this must be achieved 
or no eutting would take place. <As a result, 
underneath the chip removed, the surface is 
strained by the cold work that ensues. The more 
efficient the cutting operation from the point of 
view of tool design and angle of cut the less the 
resultant strain. The following photomicrograph 
reproduced from the book “The Heat Treatment 
of Tool Steel” by the late Mr. Harry Brearley, 
shows this distorted surface of a_ heavily 


is one 


machined forging. 


This strain, which, as pointed out, is a form 
of cold work, can be so great that, in the case of 
Austenitic steels, an atomie change may take 
place, the Austenite of the top layers becoming 
Martensite. This ean reduce materially the 
the resistance to corrosion of these steels and 
many disappointments in the use of stainless 
steels can be traced to this cause. 


Perhaps I should have entitled the paper “Steel 
Foundry Practice.” It can be said that many of 
the principles enumerated apply both to iron and 


steel foundry practice, but it would have needed 
another paper to deal with the iron side. The 
Meehanite castings are one form of the Pearlitic 
irons developed during the last twenty years or 
so. For many applications they are excellent, 
May I be exeused further comment, except to 
say that iron castings are heirs to nearly all the 
ills outlined in the paper. Welding can be 
carried out efficiently using correct rods and 
technique. 

Amplifying my reply to Mr. Hills’ point 
regarding chaplets. Theoretically all should be 
melted and incorporated in the cast material. If 
the temperature is too low this does not happen 
with the result sometimes met, where the partially 
melted chaplet is seen in the casting. Regarding 
the question of their analysis which Mr. Hills 
raised privately, I notice that some American 
specifications for alloy steel castings now state 
that “any chaplets used shall ‘be of a composition 
comparable with the analysis of the castings 
being produced.” Normally they are of carbon 
steel generally of a “mild” grade. 


Regarding Mr. Preston’s query on the subject 
of “local heats’—at 650/680°C any strains 
developing from local heats for setting should 
disappear. The number of heats permissible of 
course depends on the type and size of casting. 
It is probable that a further anneal at the usual 
temperature would cause further distortion owing 
to the difficulty of adequately supporting some 
castings and for this reason the lower 
temperature, which is in the nature of a 
tempering operation, must perforce be used. 


The question of prototype castings raised by 
Mr. Southwell is a very important one. Here 
again it is essential that the whole idea must be 
kept in correct perspective. The usual procedure 
is to make the first casting, which is examined 
100 per cent. radiographically. Any faults in 
technique due to incorrect “heading”, positions 
and types of runners, risers, and gates which lead 
to unsoundness or in any way detract from the 
“nearly perfect” easting are noted and the 
methods altered. Where considered necessary or 
in case of any doubt in the interpretation of a 
radiograph, the casting is sectioned for further 
examination. Further castings are made which 
again are examined 100 per cent  radio- 
graphically. Eventually the general methods are 
agreed on and standardised and_ production 
commences. It is usual, then, to cut down the 
radiographic examination to 5 per cent of the 
castings, first to be 100 per cent. of castings 


chosen and later to cover those areas whieh 
appear most likely to be prone to faults. So 
far, so good. Here, however, is the reason for 
not being too sanguine when this stage is 
reached! What are the variables that can affect 
the subsequent easting? To quote a few :— 


1. Composition. Whilst this is unlikely to 
vary sufficiently to affect the melting tem- 
perature, conditions could arise where the 
‘carbon content dropped low enough to 
render it difficult to run a complicated 
casting efficiently. 

2. Temperature of metal at tapping. 

3. Temperature of metal at pouring. 

4. Condition of bath at tapping. 

5. Condition of metal at pouring. 

6. Moisture in mould. 

7. Temperature of mould. 

8. Atmospheric temperature. 

9. Humidity. 

10. Temperature of casting at stripping. 


Tied up with the foregoing are many other 
variables, such as consisteney of composition of 
raw materials and consistency of deoxidation 
practice as regards time, methods, and materials 
used. 


Having approved a prototype it is assumed 
that the foundry takes steps to control all the 
~ variables likely to enter into and affect the 
production of subsequent castings, a rather large 
requirement! Finally most production castings 
show some of the faults described in the paper. 
Tt is unlikely that the best casting is chosen for 
examination, in a 5 per cent examination the 
odds are heavily against it. The same applies to 
the worst casting. There is, therefore, no 
guarantee in a 5 per eent radiographic 
examination. The main effect is psychological 
which was the underlying idea of the second 
paragraph on page 20, and the fact that radio- 
graphic examination is to be carried out normally 
ensures that every precaution is taken to produce 
the best possible castings. Having accomplished 
this, the subsequent inspection naturally checks 
the continuance of the principles agreed on 
when the prototype was approved. 


An adequate treatment of the question of the 
elongation and reduction of area figures obtained 
in a tensile test would require a paper on the 
subjeet to do it justice. 


Professor Unwin’s research referred to on 
page 2 was a very considerable undertaking and 
much has been written on it since. Mr. D. A. 
Oliver, the Chief of Research of the B.S.A. 
Group, wrote a very complete paper on this 
subject some years ago. Essentially the subject 
revolves round the question of the nature of the 
distortion which oecurs when a test piece is 
broken in the tensile testing machine. The 


following diagram is a load extension curve of 
such a test on mild steel, annealed. 


The units in which the figure is drawn are 
immaterial, the shape of the diagram is the 
same, in other words the load-extension diagram 
is the same as the stress-strain diagram except 
for the figuring of the seales. It will be found 
that the elongation up to the point “a” is, for all 
practical purposes, directly proportional to the 
load. This is the “elastic” portion of the curve 
and up to point “a” removal of the load will be 
followed by the disappearance of the resulting 
extension; after passing point “a” the extension 
is no longer proportional to the load, and if 
the load is removed only a portion of the 
extension disappears. The extension, however, 
although not proportional to the load is still 
uniform throughout the length of the test piece. 
At point “b,” however, a further change takes 
place, the maximum load the test piece will 
support has been reached and at this point 
“necking” of the test piece commences. This 
“necking” or “reduction” depends on the shape 
of the eurve from “b” to “e” and the subsequent 
extension is confined almost solely to the portion 


containing the reducing diameter, and is propor- 
tional to the reduction of area this brings 
about. The dotted portion shows how a test 
piece might deform, however, and it will be seen 
that in this second test, yield point, maximum 
stress and elongation are all identical with the 
first test, but the reduction of area will be 
considerably less. The difference in behaviour 
of the two test pieces indicates a subtle difference 
in some form of ductility of which the bare 
figure of yield, ultimate and clongation give no 
hint. (Often the actual fracture in these cases 
gives a hint of all not being well, but it would 
be difficult to find an excuse for rejection unless 
reduction of area or bend is specified, and if the 
reduction of area is low it is more than likely 
that the bend will fail.) Now, it will be found 
that in the bend test most of the distortion is of 
a character more in keeping with the portion of 
the curve from “b” to “e” and this is more nearly 
related to the reduction of area, responsible for 
this part of the curve, than any other figure 
which the tensile test gives us. Hence my 
regard both for the bend test and reduction of 
area figures in normal testing. 


REPLIES TO WRITTEN CONTRIBUTIONS 


To Mr. Hourum 

In the case of large castings treated singly the 
one hour per inch of thickness soaking time is 
a fairly good guide, but most foundry annealing 
stoves are engaged in the treating of a furnace 
load after the style of that shown in figure 1. 
Such a formula, of course, is of no use in these 
cases and it will be appreciated that even a 
dozen pyrometers and recorders will not indicate 
when the load is up to temperature and the 
soaking period commencing. It is here we get 
that combination of science and art to which I 
have made reference. The scientifie aids tell the 
operator that his general furnace temperature is 
correct, his own knowledge and experience must 
tell him when the load is at furnace temperature. 
With castings of greatly varying thicknesses, of 
course, one must compromise and it is usually 
necessary to ensure that the thickest part is 
sufficiently soaked, as this part inevitably will 
show the largest original grain size. Grain 
growth can take place, of course, but unless it is 
exceptional is unlikely, of itself, to be the cause 
of failure in normal service. 


I have never seen a case of graphitisation 
which could be traced to aluminium. TI have met 
it most frequently, in fact, in steels almost free 


from this element. I am not aware of any 
degree of graphitisation in the high aluminium 
permanent magnet steels (in which the aluminium 
content may be from 10—13 per cent); in fact, 
if any tendency towards this was evident these 
steels would, of course, be useless for this 
purpose. 


The small additions of the elements mentioned 
for the purpose of stabilising the stainless steels 
are not large enough, usually, to necessitate any 
change in treatment temperatures or technique. 


With regard to Mr. Holtum’s paragraph on 
radiography, I would ask him if he has ever met 
a welder who does bad welding or a foundry man 
who makes bad castings? Personally, I have not. 
Whatever IL might have thought about the 
workmanship of certain individuals I can assure 
him that 10 minutes’ conversation with them 
would be enough to convince anyone but the most 
disbelieving or deliberately inattentive. It takes 
a radiograph to tell these operators that really 
they are not as good as they thought they were. 
Once this is accomplished subsequent radio- 
graphy, as far as they are concerned, falls into 
its normal place. 


As regards the casting shown in Fig. 15 I 
think I should say that the radiologist concerned 
was a man with a vast knowledge and experience, 
an acknowledged specialist, in this field. If the 
same person came to me to-morrow and reported 
a defective casting I should be prepared to take 
his word for it in spite of the fact that 1 have 
disagreed with him at times. In the case 
mentioned the radiograph was at fault without 
blame to anyone—it ean happen occasionally, 
you know. I hope my stock will not fall any 
lower when I confess that in the past fortnight I 
I have been involved in one of the eases to 
which I referred in the paragraph to which he 
takes exception. The history of this is well 
worth putting on record to emphasise the 
warning I uttered. The casting in question is an 
important pressure casting in alloy steel. It 
was made and annealed and then radiographed. 
One area called for investigation. It was 
excavated, welded, re-annealed and again radio- 
graphed. The repair was good and the casting 
was then hardened and tempered. Again it was 
radiographed, and here I might add that in each 
case the technique adopted ensured that almost 
three quarters of the casting appeared on at least 
two films taken from different angles. It was 
approved and machined, then submitted to 


hydraulic test—it leaked, and subsequent 
investigation showed a tiny crack, which, in effect 
was an extension of an inner wall and so 
obscured in the main direction and impossible to 
detect in the opposite direction. May I again 
emphasise, that it is important to keep radio- 
graphic inspection as, in fact, all testing, in 
correct perspective. 


The supersonic method of flaw detection was 
confined originally, to smooth surfaces. Recent 
developments have extended its use to ingots, 
billets and bars, so that under certain cireum- 
stances it can be applied to castings. Here again, 
care is necessary in interpretation, because even 
very large grain size is apt to be registered as a 
“defect.” 


Finally, I have seen so many torn castings 
round cored holes that if I had to decide, in 
many cases (circumstances would dictate, of 
course) I would drill the hole in the hope that a 
shrink, possible in the area, would be eliminated 
by drilling or leave a smaller portion for repair. 
With all due respect to the iron foundries, I 
think it must be admitted that their task is 
somewhat easier than that of the steel foundries. 


Mr, Fox asks the question regarding the use 
of supersonic testing which is covered largely 
in my reply to Mr. Holtum. Mr. Fox is quite 
right regarding the necessity of fairly constant 
thickness, of course. The furnace he describes is 
very similar in general idea to those described 
in the paper. Yes, normalising, after an initial 
annealing, and subsequent tempering, can be 
very beneficial, as suggested on page 18. In the 
plain carbon steels, mode of cooling from the 
tempering temperature does not have much 
effect, and for economic reasons air cooling is 
usually resorted to, as this means so many more 
furnace hours available for further work. (In 


the steels subject to temmper-brittleness, however, 
mode of cooling from the tempering temperature 
very important and the quickest cooling 
possible must be resorted to.) 


is 


Mr. VoGan’s first question is one of con- 
siderable importance. The test referred to is 
severe, as of course, is the service to which the 
parts are to be subjected. In the forgings there 
should be no difficulty at all in complying. In 
the case of castings, also, correct analysis and 
heat treatment should ensure that this test is 
complied with, severe as it may be. 


Mr. Vogan’s third paragraph contains a most 
important question. Personally I do not like 
welding in the case of forged material, and for 
service such as that under discussion, I would be 
the last to agree with it. The fact that cracks 
show up after test indicates, in my view, how 
necessary the test is. My opinion is that a welded 
repair on a- forged piece subject to shock, 
alternating or vibratory stresses can be a source 
of weakness and that eracking from the edge of 


the weld area is a distinet possibility. I will put 
it no stronger than that. 
Regarding Mr. Watt’s query on “green 


sand” moulds—the term “green sand’ is used 
for those moulds which are cast without any 
preliminary drying. in certain classes of 
steel foundry work the use of “green sand” is 
inereasing; the advantages, from the founder's 
point of view, are the comparative cheapness and 
the rapidity of production. I believe, other 
things being equal, the better casting is produced 
by the “dry sand” method, although I am afraid 
quite a number are being made in “green sand.” 


In conclusion I should like to put on record my 
appreciation of the way in which the paper was 
received. If any part of it proves of service to 
any of my colleagues IT am well repaid for the 
effort. 
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SOME ESSENTIALS OF UPKEEP SURVEYS OF 
OIL TANKERS. 


By G. R. EDGAR. 


HE most conspicuous feature in the 

I trend of merchant shipbuilding in recent 
years, and particularly since the termina- 

tion of the last war, has been the development 
of the oil tanker. Not only has the aggregate 
tanker tonnage building shown a_ gradually 
increasing proportion to the total merchant 
tonnage building but there has been a marked and 
sustained increase in the size of the individual 
ship. The repair and maintenance surveys of 
these ships have attendant circumstances and 
considerations which often render the correct 
decision difficult and delicate, while the work of 


survey is physically arduous and a continued 
suecession of it may be exhausting. A Surveyor 
so engaged and occupied additionally with 
obtaining the high standard of workmanship 
necessary may reflect that at least the increased 
fees charged are well earned. While this may 
well be, it also carries with it the call for a high 
professional performance. 

In these circumstances and having regard to 
the possible magnitude of the repairs, some 
consideration of the conditions, of the essentials, 
and of a direct and unlaboured approach to any 
particular case would appear to be of advantage. 


I—GENERAL CONSIDERATIONS AND BACKGROUND. 


As is well known, the wastage of the structure 
in the eargo oil tanks may be of extreme severity, 
varying apparently with—but not entirely—the 
type of cargo carried. The majority of tanker 
Owners endeavour to adjust and limit the period 
for which white or more refined spirit is carried, 
and in this attain a fair measure of success. 
But ships are frequently presented for survey 
where the balance has been finely held and where 
it is thought, or possibly only even hoped, that 
the survey will just pass through with relatively 
limited repairs. If in these cases wastage has 
gone just too far, the consequent repairs may 
well extend through the greater part of the oil 
tanks and involve a substantial part of the 
structure there. It will then be a question for 
the Owners as to whether the cost of the repairs 
is justifiable from the economic standpoint or 
whether another way out of the situation must 
be sought. There thus arises the need, or at least 
the desire, for comprehensive recommendations 
either entirely before a decision to repair is taken 
or at as early a date as possible in order that the 
large commitments can be gauged and future 
possibilities considered. 


The practice consequent in this. regard actually 
varies a good deal. There are cases where the ship 
is thoroughly examined, drilled throughout the 
tank structure, a specification prepared and the 
contract placed by the Owners prior to submitting 
the ship for survey; there are cases where the ship 
is presented for survey and special continuous 
attendance of the Surveyor is requested with a 
view to comprehensive recommendations being 
made as soon as possible; there are cases where 
continuous attendance is not requested but is 
expected, and in a decreasing order of merit we 
reach those cases where the ship simply arrives 
and the Superintendent may be anywhere except 
available on board. And there are other cases 
exhibiting more particular peculiarities. 


It will be obvious that in a port where the 
sufficiency of the staff is closely equated to the 
normal work, attendance which could be termed 
“constant” cannot be given to any large extent 
without inflicting hardship on other Owners and 
Repairers. 


But in all these various circumstances, and 
whether a request for immediate comprehensive 


recommendations is made or not, it should be the 
endeavour of the Surveyor so to work and so to 
use or make circumstances that he arrives at his 
minimum recommendations with the least delay. 
This is the first essential and is a large part 
of that high professional performance to which 
reference was earlier made. 


Where a specification of the Owners has been 
commenced on forthwith by the Repairers, the 
position is by so much eased to the Surveyor, but 
it is still essential he proceed at once to examine 
whether the specification is ample in all respects 
or, on the other hand, too ample, and to com- 
municate the result of ,his findings progressively 
to the Owners. 


Customary practices of Repairers and Owners 
which exist need only be followed so long as they 
contribute to this main intention, but every use 
can be made of Repairers’ experienced personnel 
and Owners’ “iron men” to this end. Drilling 
records of thicknesses must be. accurate, of 
course, but in the cases considered this need 
not mean checking each individual hole. The 
responsibility is, however, on the Surveyor. 


It may be thought elementary to mention that 
the earliest opportunity should be taken, or one 
made, to diseuss with the Owners’ leading repre- 
sentative directly their intentions for the 
progress of the survey; but it is often not done 
and affairs are conducted for some time at second 
hand through the Repairers. This is entirely 
wrong, can only be condoned where long standing 
arrangements exist and have been proved between 
Owners and Surveyors, and affords abundant 
scope for misunderstandings and wasted time. 


In pursuit of the foregoing it is suggested 
that the first objective for the Surveyor is 
an appreciation of the general condition of 
the plating of the fore and aft, and trans- 
verse bulkheads, and of the internal surface of 
the bottom shell. The extent to which it is 
necessary tc renew the plating of the internal 
bulkheads is the factor which probably more 
than any other influences the time, cost and 
general character of the survey. The condition 
of the inner surface of the bottom shell may 
affect seriously the time in dry dock and the time 
when to dry dock, both matters of importance 
to the economy of the survey. The appreciation 
itself is best formed by holding first a Pre-view 
and next a Preliminary-view. 


1. THe PReE-virw. 


This should be carried out as soon as the tanks 
are gas freed and subsequent, if possible, to a 
knowledge of the Owners’ intentions and infor- 
mation. At this a short examination of 
samples of the tanks available should be made— 
some may still be in ballast—and a general 
impression of the condition of the bulkhead 
plating, clearness of the bottom shell and con- 
dition of the internal framing obtained. One of 
the purposes of the pre-view of the tanks is to 
recognise, as often it may be recognised, what will 
in all probability not need to be dealt with. 

If the pre-view shows that the plating is in 
bad condition, grooved and possibly split, and 
the framing depreciated or fractured, while the 
bottom shell is covered with sludge or water, 
then staging will be required to render the 
bulkheads accessible in all parts and the bottom 
shell or parts of it will require cleaning. These 
can be recommended forthwith for one set of 
tanks in each body together with the drilling of 
the bulkhead plating there. An indication of 
the position of the test holes in detail should 
also be given. 

If, on the other hand, the pre-view shows little 
deterioration of the bulkheads and framing, then 
after consideration of the age of the ship, the 
staging of the upper part only of the two 
sets of tanks might be found to meet the 
ease together with drilling of the plating in 
these parts and the cleaning of parts of the 
inner surface of the bottom shell. It will be 
appreciated that, as with the carriage of spirit, 
deterioration is heaviest in the upper levels of 
the tanks, any proper conclusion regarding their 
condition must entail examination there. 


2. Tue PRELIMINARY-VIEW. 

If evénts then have progressed so far on these 
lines, the preliminary examination of the sample 
tanks as so staged and prepared can be under- 
taken. This should not take relatively long. 
Further staging and drilling in both types of 
case indicated should await a consideration of 
the drilling results from the two sets of tanks 
but a detailed examination of the remainder of 
their interiors can be undertaken without delay. 


This will complete the preliminary-view, after 
which the Surveyor will be in a position to 
recommend treatment, that is staging and drilling 
of the structure of the remainder of the tanks 
with the knowledge that these recommendations 
are adapted to the actual condition of the ship. 


While the above has been proceeding, it will 
have been possible for the weather deck forming 
the top of the oil tanks to have been generally 
examined and arrangements made for drilling as 
considered necessary. 


The preceding gives a framework against which 
any actual arrangements put in hand by the 
Owners can be measured. These are dependent 
on past practice and the differing organisations 
and methods of Owners and Repairers, but it is 


submitted the foregoing, while fairly dealing with 
the interests involved, has special regard to 
economy of effort. It is intended to differentiate 
between the ship, which perhaps at first survey 
requires little or no repair, and those which 
possibly a little later need extensive internal 
repairs or those still older which need a close 
examination in almost every part. Intermediate 
eases can be adjusted to it as found desirable or 
as the survey develops. 


II—RENEWAL LIMITS. 


Before proceeding to a more detailed examina- 
tion of the structure some consideration of the 
circumstances of renewal limits can be made. 
Any definition of these ean only be on broad lines, 
as deterioration does not occur uniformly and the 
condition of members or parts of the structure 
must be ascertained from examination at the 
ship, whether or not drillings have been taken. 


Fundamentally any assessment of safety 
margin relative to the structure of ships made 
solely mathematically is not exact and must be 


associated with a mounting series of assump-~ 


tions, both in respect of the demands of the 
forces on the structure and the ability of the 
members to resist these forces. The range 
covered by these assumptions is varied and wide. 
The ship herself, on the other hand, shows at any 
time the result of these processes truly and 
without qualification. In tankers, for example, 
observation will show on oceasion the continuing 
existence of very depreciated webs of stiffeners 
and framing, and drum-like surfaces of parts of 
bulkheads which it is unlikely any predetermined 
standard would allow. 


None-the-less, it would be wrong to deduce too 
much from such examples as, though they may 
be at the moment satisfactorily meeting their 
loading, they may be well on down the slope to- 
wards that ultimate fracture by fatigue which 
lies at the base of suecess or failure of ships 
structures. At this present time there is no 
adequate and recognised appreciation of where 
the factors of safety lie in respect of items of 
structure. 


We do know, however, that in the individual 
parts and members there are regions of higher 
stress where failure will oceur earlier than else- 
where. These the ship shows in the course of 
her life, and the consideration of them is 


important and illuminating. And knowledge of 
them should earry with it some appreciation of 
the functioning of these parts structurally and 
locally. Further reference will be made later to 
these. They may be recognised by fracture 
which is ultimate failure, or by the emphasised 
depreciation resultant from stress and corrosion. 


We know, too, that at Special Survey the 
normal period contemplated ahead is four years 
except for certain items defined in the Rules 
where a longer period is intended. The severity 
of corrosion in the main oil tanks, however, 
tends to render these requirements of less signi- 
ficance. 


It should not be. coneluded from the absence 
of figures in the foregoing that in actuality the 
determination of the renewal points is in any 
way doubtful or vague, but rather that they 
‘annot be determined properly without particular 
consideration and examination being given to 
each case. Certainty does not only reside in 
figures, and a fine judgment may not readily be 
expressed in words. 


But to come to figures and always subject to 
the foregoing, the well-known 25 and 33 per cent. 
may be taken as limits to reduction in plating 
thickness in the presence of whieh renewal should 
be considered, and the smaller figure would be 
applicable to thinner plating, as for example 
-30 in. 


Sectional stiffeners with face material, as 
bulb angles, channels or the like, could suffer a 
reduction in the web from 30 to 40 per cent. 


before renewal, provided the face material is 


substantial or can be made so. ‘This is given 
further consideration later with that of bottom 
longitudinals. 


It may appear that the possibility of a 
reduction of plating thickness by, for example, 
a uniform 24 per cent. without renewal may 
introduce an undesirable reduction in strength. 
This will depend on the part of the structure 
under examination, and whether it is the ease or 
not, it normally does not happen, in that in 
widespread depreciation of this type there is 
variation—as, for example, at the higher stressed 
regions mentioned—so that some strakes would 
show greater reduction, undergo renewal and so 
strengthen the whole. The limiting position will 
be provided when there is depreciation which 
is just insufficient to entail any renewal of 
plating on the above’ basis and the maximum 
reduction in sectional area may then approach 
20 per cent., that is 18 to 19 per cent. approxi- 
vnately. In a ease of this kind depreciation 
has obviously not proceeded far relatively, and 
this will normally hold for the remainder of the 


III—EXAMINATION 


1. GENERAL. 


As indicated, the plating of the bulkheads is 
first for examination, and the suggested order is 
bulkhead plating, bottom shell, internal framing 
—dealing first with the webs and _ primary 
members and then with longitudinals or secondary 
members—decks and side shell. In ships with 
an expansion trunk and summer tanks, the 
plating of the trunk side and second deck would 
follow the bulkhead plating. 


There is, of course, nothing sacred about 
this order and adjustments need to be made to 
suit the special cireumstances of any case, but it 
is undesirable to go into details of questions of 
framing and its connections while plating sur- 
faces, possibly involving large renewals, remain 
awaiting examination. Subject to this, and depen- 
dent on the degree of wastage, it will be found 
that the framing can at times conveniently and 
readily be dealt with at the same time as the 
plating surfaces, but here the governing word is 
“readily.” Where there are heavy internal 
repairs it is desirable also to advance the deck 
in the above order so as possibly to obtain 
desirable access below. 


In dealing with plating surfaces of bulkheads, 
bottom shell and decks it will be found advan- 
tageous to have drilling results recorded on 
outline diagrams and to make the renewal recom- 
mendations on them. 


structure also. As already emphasised, fixed 
figures are deprecated and recommendations must 
be associated with close actual survey. Further 
reference is made to this aspect under Droxs. 

Structural failure in tankers is rare, prior 
that is, to the last eight years when the appear- 
ance of the T2 welded tanker immediately 
provided special problems in which, however, 
failure was not at that time due to depreciated 
seantlings. In tankers generally, inclusive of 
T2 tankers (but exclusive of the failure just 
mentioned), the fractures and failures found even 
with age are local rather than structural. Re- 
ductions of bottom shell of more than 30 per 
cent. in thickness generally, and of the deck by 
as much, have repeatedly been met with. There 
must also have been co-existent a less reduction 
in the side shell. The margin of safety 
structurally therefore in these ships cannot be 
regarded as other than considerable. 


OF STRUCTURE. 


The references following, except where other- 
wise indicated, are to tankers of the normal 


ocean-going size. 


2. BULKHEADS. 


The examination of the tank bulkheads first 
centres on the possibility of grooving at the 
heels and to a lesser extent at the toes of the 
stiffeners. Evidence of the working associated 
with this type of wastage is generally visible on 
the plain side of the bulkhead, where the broken 
seale will show in a straight line. The actual 
grooving generally commences on the opposite 
side to the stiffener, possibly due to the greater 
freedom for movement on that side, and the 
plating may be corroded through or split. In 
fore and aft bulkheads it is prevalent with 
vertically arranged stiffeners and plating and 
may be evident when the ship has been on 
spirit about six years or later, and is possibly 
worst in a region about eight feet up the 
bulkhead and in the plating adjoining the cruci- 
form. It oceurs similarly in the transverse 
bulkheads. With horizontal stiffeners, generally 
associated with plating similarly arranged, it is 
more prevalent towards the stiffener ends and 
may be accentuated by heavy caulking at the 
bracket ends on the face side. Where the 
grooving is at all appreciable the plating at 
special survey should be renewed to the height 
necessary with vertical plating, as it may be of 


less consequence in the upper parts, and for the 
full width of the bulkhead with horizontal plating 
and stiffening. In both cases, to cover a short 
period to reach special survey, doublings have 
been fitted on the plain side taking the plating 
on either side of the stiffener for the length 
necessary and carried within the ends of the 
brackets. 


The presence of heavy grooving may be recog- 
nised at once and should limit considerably 
the amount of drilling, though this is still often 
done by Owners’ representatives. What is 
heavy grooving will be a question, of course, 
but experience shows that any well pronounced 
grooving ean be considered heavy and warrant 
renewal of the plating. 


With the modern stiffener welded toe on to the 
bulkhead experience is only now being obtained, 
but it seems that, other things being equal, 
the greater freedom to deflect will render 
grooving more prevalent. A related type of 
plate wastage has been apparent in the unsup- 
ported plating in way of scallops of vertical 
stiffeners in the region of the horizontal girders. 
The greater thicknesses of plating required by 
the present rules will postpone, of course, the 
time at which renewal is necessary; if, however, 
it is a correct conclusion that grooving results 
in these cases from over and sustained deflection, 
it directs attention to the desirability of regn- 
lation of this cause. 


When there is no grooving and the drillings 
fairly represent the value of the plating, 
renewal should be considered when the reduc- 
tion is a bare 25 per cent. from the late rule 
thicknesses. These refer to riveted connections. 
The present rules give vastly different original 
thicknesses, owing, it is understood, to the 
provision of extra margins for corrosion, but 
for this to be effective, reduction to the figure 
previously found satisfactory must—other things 
being equal—be allowed. Under these the top 
strake need not be renewed until below -24, but 
a bottom strake originally -54 might, in view 
of its greater support, defer its renewal 
until below :37, subject as always to examina- 
tion at the ship. Clarity in these limits is very 
desirable in view of the effect which a slight 
alteration in them may have on the extent of the 
work. Readings of drillings in twentieths of an 
inch are, in my view, much too approximate, and 
taking the mean of the worst and best drillings 
of a plate inadmissible. 


Examples of local failure of bulkhead plating 
in riveted ships are now distinctly rarer than 
some years ago, and are to be sought primarily 
at ends of brackets and when the extensions are 
short. This is at times the ease at the top of 
vertical brackets to bottom longitudinals where 
the extensions end short of the lowest horizontal 
stiffener on the other side of the bulkhead. The 
plating may be found fractured or approaching 
fracture at the end of the extension angle. 
Repair to the plating will depend on the depre- 
ciation, but opportunity should be taken to 
remove the cause, the shortness of the angle 
extension, 

With welded construction all bulkhead plating 
at the ends of welded attachments ean be suspect. 
Incipient or actual fracture will be found at ends 
of unbalanced arms of web supporting brackets, 
at attachment of heavy face material to relatively 
thin bulkhead plating, at roughly-finished welding 
at points of brackets, in the bulkhead plating be- 
tween attachments which are not level on opposite 
sides of the bulkhead and possibly at the points 
of small, and maybe too stiff, through brackets 
to shell longitudinal brackets. Reference has 
already been made to the plating within seallops 
of stiffeners, and the material at the angles of 
horizontally corrugated bulkheads should also 
come under examination. This is a list formi- 
dable enough, and though some of these items 
now receive attention at the time of building, 
all types of ships come forward for survey. It 
may be mentioned that at a recent docking 
survey of a T2 tanker no less than a hundred 
fractures had to be dealt with. 


3. Borrom Suet. 

The condition of this calls for close exami- 
nation, and repairs on occasion have involved 
renewal of as many as seventy to ninety plates. 
The primary cause is internal corrosion, but 
neglect of seale at intermediate dry dockings 
may in addition accentuate external wastage. As 
this progresses, fractures may appear often 
in the vicinity of the midship transverse bulk- 
heads at either end of overlapped shell butts 
there, failure occurring under fatigue as the stress 
increases with the diminution of material at the 
discontinuity formed by the overlap. In the 
normal tanker the structural tensile stresses are 
generally greatest in the sagging condition and 
the disturbance in the flow of stress at the trans- 
verse bulkheads due to the discontinuity of the 
bottom longitudinals aggravates the straining of 
the shell at this point. 


At survey, as has been mentioned, a view 
should be taken, before dry docking of the extent 
of internal wastage. This may be almost nil; 
it may consist of a number of small deep pits— 
by “small,” with a bottom shell of about -64 in. 
original thickness, is meant not more than 
about 2 ins. diameter, and by “deep” over about 
+ inch in depth—or there may be much larger 
areas of generally smooth wastage which are 
bright when cleaned and lie in such _ places 
as at both ends of shell overlap butts and 
alongside longitudinals or overlapped seams. 
And there may be, of course, combinations of 
these. In light and very severe cases an appre- 
ciation of its significance can well be made afloat 
and should be conveyed to the Owners. 


When the ship is in dry dock any further 
necessary cleaning can be done and where wastage 
is shown externally or internally check drillings 
taken. These should in a sufficient number of 
plates be both in and clear of the corroded parts 
and from an examination of the results and of 
the extent and type of the corrosion an appre- 
ciation of the significance of the wastage can be 
made, bearing in mind that the athwartship line 
is that of major importance. Thus the drilling 
figures recorded can be fairly interpreted. 
Without this careful consideration they may well 
be misleading. 


From the examination made it may be decided 
to drill all or the greater part of the bottom, 
and record these diagrammatically as men- 
tioned. Plates judged to be reduced to two- 
thirds of their original rule thickness should 
be renewed, those above three-quarters of 
this thickness would not normally be renewed. 
Between these limits the surface condition and 
position should decide after further inspection. 
Continuity of new plating in the fore and aft 
line is desirable and isolated plates bearing 
appreciable depreciation are better renewed. 


The above has dealt largely with the general 
condition of the plating. This is the first con- 
sideration, though it may be that local wastage 
is so bad as to make the general condition. But 
we are left with the many cases where the general 
condition could be held to be satisfactory but 
there exist areas of pittings and local wastage. 
The assessment of the significance of these is one 
of the more difficult appreciations and gives rise 
to much diversity of treatment. 


The factors involved are depth, area and 
position, in that order of importance, the last 
named operating in consideration given to the 
first two. If the depth of the wastage is small 
then immediately the need for repair is reduced. 
If the depth is large then with wastage of the 
second type previously mentioned, renewal or 
part renewal is the proper repair. But with 
pittings proper if the depth be large a fine 
judgment has to be exercised on the extent of 
the area as to whether it seriously depreciates 
the plate. If so then renewal or part renewal 
is again the repair. Where, however, the pittings 
are relatively deep, but the area relatively negli- 
gible, the position in four years’ time becomes 
the significant factor and in many cases may 
need no attention. Doubling has been resorted 
to, or welding, and we are here dealing with 
relatively small and deep isolated pits. 


There has been a tendency of recent years to 
undertake building up of wastage by electric 
welding. The Surveyor is presumably satisfied 
that enough of the heavier wastage is repaired, 
that satisfactory cleaning out has been done prior 
to welding and that the welding is efficient. The 
Owner is presumably satisfied that it is cheaper. 
My own view is that all these things are open 
to question and that if the pitting is so deep 
or extensive as to need repair as a_ whole, 
the plate should rather be renewed. In any 
ease welding is unsuitable for the second type 
of wastage previously mentioned, while with 
pitting proper both area and depth often do not 
necessitate repair. And finally, the cost of 
welding wasted areas ean be surprising and there 
is a strictly limited extent beyond which renewal 
is cheaper. 


The use of cement as a preventative of further 
wastage is also encountered; it renders future 
examination difficult and in circumstances may 
crack and permit corrosion to continue. 


Rivet heads on the bottom and bilge shell are 
often severely wasted and occasion renewal. 
Though in an extreme ease the heads may be 
largely non-existent, careful consideration of the 
extent of the wastage and of whether the rivets 
have tapered necks or not is desirable before 
deciding on large seale renewals. 


Externally, the condition of the keel, particu- 
larly at overlapped edges of butts, requires 
elose attention due to the screening effect of 
the keel blocks. Blisters, heavy scale and the 


condition of the caulked edges all need attention. 
Provision of adequate lighting under the bottom 
should be required, and while it is usually 
arranged at special survey, it is not always 
forthcoming initially at a docking survey. 


4. INTERNAL FRAMING—PRIMARY,. 
(a) Vertical Webs and Transverses. 


These on bulkheads and shell, and particularly 
where fitted on the plain side of bulkheads, are 
susceptible to bowing or bending especially as 
the seantlings depreciate. Earlier it may be due 
to defect in design as, for example, too many 
or too large lightening holes in the vicinity of 
the ends of the large end brackets, lack of 
stiffness in the width of the web plate, and lack 
of support against tripping sideways as a whole. 
These are not of frequent occurrence, but 
examples of the last two mentioned are provided 
in the transverse bulkheads of the T2 tankers. 
Where vertical stiffening of the web is contem- 
plated as a repair, the depth of the stiffening 
should be limited or it will tend itself to trip. 
It is suggested that with stiffeners of 6 in. 
standing flange from the web, supports at 
not wider intervals than about eight feet are 
necessary. 


Drilling of the webs may be advisable in 
border line eases but examination can often 
enable this to be dispensed with. Renewal of 
the web material is desirable at about 30 per cent. 
reduction from rule standards and depreciation 
close to this figure should be associated with 
vertical stiffening fitted towards the outer edge 
and possible renewal or restoration of the face 
material. The question of whether to stiffen or 
renew will be affected also by whether it is 
desired to renew the secondary stiffening of 
bulkheads or shell as renewal of the webs 
greatly facilitates their repair. The stiffening of 
unduly thin material is to be avoided, and regard 
paid to the width of the web, the support 
otherwise provided and the suitability of the 
reduced plating to take the riveting or welding 
attachment necessary. The major corrosion of 
the face material will generally be found at the 
points of the brackets and in the upper levels of 
the tanks. 


End brackets should be renewed when asso- 
ciated with depreciation in the body of the 
bracket, there is evidence of splitting or of its 
precursor grooving at the points. Otherwise in 
the absence of this local end condition depre- 


a | 


ciation may be made good by stiffening as for 
the web itself and where possible carrying it 
through on to the web. Where the general con- 
dition of the bracket is satisfactory enough, but 
the ends are defective, they may be cropped back 
about a foot and renewed and butt welded. 


(b) Horizontal Girders. 


These are associated, of course, with frames 
and stiffening arranged vertically and, as they 
are of the same type of girder as the vertical 
webs, the same general considerations apply to 
design and repair, but there are some particular 
features of interest. 


In the side tanks their scantlings have been 
relatively light and in the majority of cases the 
girders on the fore and aft bulkheads and shell 
have depended on the support of the ties (or 
struts) in the length of the tank. The heavy 
corrosion of the spirit tanks has thus given them 
a short life in these cases, particularly in the 
upper level. Fracture has been common at 
the points of greater stress at the junction of 
the struts and at the end brackets. Ill sited 
lightening holes at these parts or their too close 
proximity to the slots for the vertical frames 
and stiffeners have also contributed to this 
and these features should be removed at special 
survey or when the girders are renewed. The 
wider distribution of the end thrust of the struts 
by bracketing the ends and closing in the frame 
or stiffener slots at points of stress may also be 
desirable. 


The constant repair and renewal of these 
girders and struts has led some Owners to 
introduce their own methods such as _ fitting 
diagonal struts horizontally and vertically and 
the introduction of a bulb angle on the girder 
welded to the face of the frames or stiffeners. 
While both these methods have value, the cause 
of fracture often lies in some matter of detail 
susceptible to remedy. 


Where the arrangement of framing and its 
support has been more generous, as, for example, 
with three tiers of girders, closer spaced struts, 
or with webs on the shell and fore and aft 
bulkhead in line with the top and bottom trans- 
verses, failure at points of detail is not so pre- 
valent. This is, however, not usually the case 
when the girders are not connected to the shell 
or bulkhead but fitted on the face of the frames 
and stiffeners. 


In the centre tanks it will be more generally 
found to be a case of general corrosion, and the 
condition of the points of the end brackets 
for splitting or grooving. With a welded con- 
struction the ends of the fillet welded connections 
of the girder to the shell or bulkhead may be 
the starting point for fractures in either, par- 
ticularly towards the girder ends, and these are 
possibly due to notch formation in rough welding. 


(c) Bottom Transverses and Fore and Aft 
Girders. 


Bottom transverses rarely require renewal. 
Stiffening on the plain side carried within the end 
brackets may make good progressive thinning of 
the web plating where deterioration is slower than 
in other primary members. General considerations 
are as for other primary girders. Plate intercostal 
girders often show depreciation and some 
buckling and thus may need renewal, or alter- 
natively stiffening and renewal of face bars in 
eases of less depreciation. 


5. InTERNAL FRaAMING—SECONDARY MEMBERS. 
(a) Bulkhead Stiffening. 


In eases of both vertical and horizontal stif- 
fening that on the upper part of a bulkhead will 
suffer most, while webs of horizontal stiffeners 
are more affected than those of vertical stiffeners 
similarly situated. Thus vertical stiffening may 
require part renewal in the upper parts on all 
stiffeners in a tank, while horizontal stiffeners 
may need to be entirely renewed at the higher 
levels and possibly not at all in the lower. 


Where the plating is renewed, the stiffeners in 
way are often renewed also. They will be in 
any case already depreciated to some extent. 
The alternative—to leave them for a further 
period—will ultimately at a later occasion 
entail a repair which could have been more 
cheaply done at the time of plating renewal. 
If the line of renewal is wisely defined 
by the Surveyor on the merits of the 
stiffeners, the choice of further renewal with 
the plating is for the Owners, dependent on 
their view of the probable life of the vessel. 
But whichever method is adopted, it is suggested 
it should be renewal or nothing; while extensive 
welding of plates into the bosom of stiffeners 
is sometimes practised and can be made fairly 
satisfactory for a period if sufficient time be 
spent on it, it is a doubtful repair actually and 


financially. A repair to a stiffener in which the 
depreciation is essentially local, as, for example, 
at the point of an end bracket, may be advisable 
but extensive patching of thin webs is to be 
discouraged. 


(b) Side Framing. 


Considerations in these eases are similar to 
the above for bulkheads, the principal distinction 
being that when wastage of vertical framing 
occurs it may extend to a lower depth than on 
bulkheads, while horizontal longitudinals on the 
shell exhibit more depreciation at the points of 
the end brackets. While this is the ease, the side 
shell does not by any means show the deprecia- 
tion sustained by the bulkheads—possibly due to 
greater stiffness. 


(ec) Bottom Longitudinals. 


These may show wastage at about six years old 
and onwards and, in common with all this type 
of member, at the points of the brackets. In 
wake of the transverse bulkhead webs fracture 
is often found. The webs of the longitudinals 
generally will be found more depreciated than 
the flanges and often locally to knife edges in 
the vicinity of drainage holes. Wastage on 
the end brackets when these are vertical is worst 
at the upper ends and fracture may be found. 


It is probable that if the condition of the ends 
of the longitudinals mentioned is satisfactory 
then the general condition of the bottom longi- 
tudinals will not oceasion repair. But if repair 
or renewal is necessary at these parts then the 
condition of the remainder will require further 
examination. 


Where these, on the previously mentioned basis, 
present possibly border line features, it will 
probably be better to renew those with end 
deterioration and so introduce some additional 
general strengthening at the vital points. This 
process may be carried further by renewal of 
additional intermediate longitudinals, or alter- 
nate longitudinals, or possibly preferably three 
or four adjacent, centrally placed between centre 
line and shell on fore and aft bulkheads. It is 
desirable to carry these in the same line fore and 
aft throughout tanks, other things being equal. 
The actual line may be determined by that giving 
most access when the bottom shell is not also 
renewed—an unlikely case. 


Wastage locally at drain holes need not 
occasion repair unless critically situated, as at 
bracket points, where a small welded strip will 
provide ample compensation. Bracketing of thin 
longitudinals to transverses on account of general 
deterioration is not commended. 


(d) General. 


The considerations given above regarding re- 
newals of bottom longitudinals are generally 
applicable to all this type of secondary member, 
though where the deterioration is more regional, 
as, for example, possibly with vertical bulkhead 
stiffeners, some adaptation is necessary. It will 
be noted no direct reference to figures is made 
and in many cases drillings are not necessary. 
Where there is doubt cheek drillings should be 
taken but nothing like wholesale drilling is 
necessary or useful. 


As earlier I was led to mention, figures of web 
reduction of 30 to 40 per cent. and as above 
there is reference to border line features some 
clarification may be desirable. 


If the reduction were confined to the web of 
the stiffener a reduction of 30 per cent. in thick- 
ness need not entail repair. Actually the drilling 
is taken about the middle of the web and general 
deterioration tends to lessen towards both flange 
and heel. There may, however, be some wastage 
of the flange material in addition and in that 
event some limited renewal may be thought 
advisable. 


As the web deterioration increases to 40 per 
cent. the need for some renewal will also increase 
and in deciding how much this should be and 
where it should be situated, that is, exactly which 
stiffeners or longitudinals are to be renewed, 
the considerations to be borne in mind as 
generally applicable are those given above for 
bottom longitudinals, the condition of the face 
material of the stiffener and the condition of the 
plating to which they are attached. 


Beyond 40 per cent. reduction in web thickness 
renewal would normally be necessary, though in 
the larger range of thicknesses Owners’ repre- 
sentatives would not always willingly agree. The 
governing factor is, however, the extent of the 
depreciation of the web and face bulb or flange 
indicated by the result of test holes. 


Before leaving this subject the following figures 
may be of interest. For a bulb angle 9 K 33 X 
-46 with the usual plating attached and assuming 


the reduction takes place uniformly over the 
back of the web, reductions in modulus and 
moment of inertia are as shown. 


| | Reduc- Reduc- 


chiekeee tion per Modulus. tion per T thon per 
lear eal | =F 
467 | eee Page | callge ted | Er 
GSP) Uh ea ee 15-0 141 | 11°8 
| 15:6 


| 28 | 40 | 165 | 191 | 185 


It is again desired to emphasize that such 
figures are only of use as a background, and it 
is the loeal conditions of the ship which govern 
any case. It is fully realised that the condition 
of surfaces, particularly of horizontal surfaces, 
with which ships are presented for survey 
after carrying oil fuel or the heavier petroleum 
eargoes leaves much to be desired. It is for the 
Surveyor to arrive at his conclusions despite 
these difficulties if that be possible. Alterna- 
tively, representation of his views to the Owners 
at an early stage in such cases is essential. 


6. DrcKks. 


Serious wastage of the upper deck is not 
usually found at an early stage, except possibly 
in those rare cases where salt water has been 
sprinkled externally for cooling purposes in the 
tropies. Check drillings should be taken at 
eight years and onwards and where appreciable 
wastage is found, further drillings made in the 
adjacent material. In advanced cases it may be 
necessary to drill all the plates. 


The renewals necessary should be considered 
in eonjunetion with the approved deck plan, 
and regard paid to the position of openings and 
original thicknesses of strakes and their situation. 
In some cases the oiltight hatchways are in 
strakes of a reduced original thickness, while the 
stringers and strakes over the fore and aft 
bulkheads are of greater significance than the 
remainder. Over somewhat less than the midship 
half-length, plates should be renewed at a 
reduction of about 25 per cent. from the rule 
thickness. Beyond this length reduction may be 
permitted to be somewhat greater than this, up 
to one-third from original. 


Attention should be given to the total cross 
sectional reduction, and this may serve both to 
increase and to reduce renewals. In the case of 


limited general depreciation involving no renewal 
of plates in the first instance on the above basis, 
and to which reference under renewal limits 
has been made, care should be taken that in way 
of any critical local places, as openings or other 
discontinuities, in the region of major stress— 
that is, amidships—or at the breaks there, the 
total reduction of sectional area is preferably 
below that possible of 18 to 19 per cent., this 
in view of the indeterminate inerease of stress 
at these points. 


All plates approaching renewal limits need 
final examination for surface condition or local 
depreciation. Continuity of new material in the 
midship portion is desirable and, while it is not 
entirely essential, by adjustment and_ suitable 
choice of the plates to be renewed much can be 
done to this end. 


Experience and observation of numbers of cases 
at special survey, and of the more-depreciated- 
than-usual eases arising at the end of the last 
war can only lead to the view that the renewal 
limits mentioned above, and previously, afford 
substantial margin for a special survey period 
of four years. This is of the more interest 
as with the large tankers now being built, 
with their greater original thicknesses, the 
above will involve renewal of plates of, for 
example, # in. thickness and over. This may 
entail some readjustment of general views as to 
renewal, and recalls the comment of a Scottish 
Superintendent in a case of this type for a dry 
cargo ship that he had received “justice without 
mercy.” It becomes obvious that the renewal 
point is one of essential importance not only 
with regard to decks but over all the outer 
plating surfaces, and the tanker with its single 
deck and the certainty of heavy wastage may 
have its critical aspects. 


The second deck in summer tank ships will 
show depreciation similar to trunk sides and 
possibly to a little less extent than the upper 
parts of cargo tank bulkheads and can be dealt 
with on a similar basis. 


7. Unper Deck FRAMING—PRIMARY AND 
SECONDARY. 


All this with spirit cargoes is situated in a 
region of high and uniform wastage, and sooner 
or later comes up for renewal. The deck 
transverses will require repair at about the same 
. time as the adjacent bulkhead webs. The renewal 
of the centre line girder where this is involved 
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with the supports of the transverses is costly 
and awkward and its design presents large 
surfaces to corrosion. Where this has not gone 
too far, diagonal stiffening of the sections of. 
the deep web, and renewal or reinforcement 
of the face material may meet the ease. If 
economy in repairs is an aspect of this review 
and of design, it is suggested that reasonable 
shallowness of main members in this region is 
desirable. 


The deck longitudinals are often found to be 
suffering extreme depreciation without evidence 
of actual fracture in themselves or of failure in 
the adjoining structure. A tendency to lean over 
sideways between the transverses may, however, | 
at times be-observed. It would appear that 
the limits permitting the greater reductions for 
this type of member can safely be used. 


8. Sinz SHELL. 


The side shell does not show at all the depre- 
ciation that oceurs with the bottom shell and 
even when a tanker, having survived to 24 years, 
is drilled as required by the Rules, relatively 
little depreciation is found, and the necessary 
repairs to bottom shell and deck usually cover 
the case structurally. 


In old ships at the bilge and above in way 
of the transverse bulkheads where heavy scale 
has accumulated, and corrosion has been accen- 
tuated and observation hindered, the shell in the 
vicinity of the bulkhead frame riveting may be 
much wasted externally. The first essential is 
scaling, unless fracture has already occurred. 


Fractures at pump room sea inlets arising 
from square corners and insufficient width of 
compensation are frequently found. 


Examination of the shell at the ends of the 
different lengths of bilge keel attachments is 
desirable, more particularly in new ships where 
these are welded and in older vessels when 
riveted. Grooving at the ends of overlapped 
shell butts may occur in the latter; attention has 
been drawn to the cireumstances of the former 
in various publications. 


The breaks of the bridge frequently show 
fractures at the junction of the extended bridge 
side plating with the bulwark, or at the termina- 
tion of the moulding or stiffening on the sweep 
down of the plating. These are not normally of 
great importance, and provision of relief or 


tapering of material will generally be more 
effective than addition of strength. The possible 
extension of a fracture needs safeguarding in 
all cases. 


Attention has been drawn in circulars and 
other instructions to the need of careful examina- 
tion of the details of topside shell in welded 
ships. 


9. Bryonp THe Or TANKS. 


It is not proposed to deal with the ends of 
the ship beyond the oil tanks, as these are largely 
similar to other ships. The situation of the 
machinery is, however, essentially typical of 
tankers, and the side framing in the machinery 
space and the support of casings and decks 
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IV—REDUCTION OF 


In their endeavour to reduce repairs, Owners 
have on occasion proposed to restrict the carriage 
of oil to one type in each of the blocks of com- 
partments lying between the pump rooms and 
the end cofferdams, that is to reduce the tank 
space to two or three large compartments. When 
this has been done on a long term basis, as at 
special survey, the notation accompanying the 
Class has been altered from “Carrying Petroleum 
in bulk” to “Carrying homogeneous Petroleum 
cargoes in bulk.” 


The intention is that only the end bulkheads 
of these blocks of tanks, namely, the cofferdam 
and pump room bulkheads, will be repaired as 
for a special survey, while the remainder of the 
bulkheads will not receive any substantial repair 
at all. The condition of these intermediate 
bulkheads has largely been left “to the satis- 
faction of the Surveyor.” This has entailed 
ensuring that in these intermediate transverse 
bulkheads, the framing of deck, bottom and sides 
will provide an adequate transverse framing ring 
and will satisfactorily function as support to 
longitudinal framing. Also that, presumably the 
top and bottom parts of the fore and aft bulk- 
heads will afford satisfactory abutments for the 
deck and bottom transverses. 


It is suggested, however, that this is not 
adequate in that first at least the top and bottom 
strakes of the fore and aft bulkheads will addi- 
tionally enter into longitudinal straining which 


periodically provide eases calling for strength- 
ening. The foot connections of the side webs 
and transverses to the inner bottom and their 
shell riveting need attention also, particularly 
towards the after end of the engines when the 
bottom brackets are reduced transversely and 
fore and aft brackets fitted. Renewal of slack 
riveting and fractured welding and heavy 
caulking are generally insufficient and that little 
extra attachment necessary should be provided. 
Otherwise they are liable to need periodical 
repairs. 


Pitting of the inner bottom surface with oil 
engines may also be found periodically and the 
termination of the longitudinal side framing will 
on occasion repay attention. 


CLASSIFICATION. 


would appear to limit their permissible depre- 
ciation, and next the ballast condition also is 
one for which provision should be made. 


Ballast conditions at sea vary in the different 
designs, and this vagueness possibly has limited 
consideration of the circumstances, but it appears 
unsatisfactory to leave the ballast to be confined in 
tanks whose bulkheads are admittedly defective and 
will become progressively more so. Actually the 
intermediate tanks are often tested by the Owners 
and an amount of patching done, but from the 
type of repair continual patching is presumably 
contemplated. The safety of the ship in the 
ballast condition would appear to be as important 
as in the load condition and sufficient reason for 
assuming limitation of free surfaces desirable. 


This restriction of loading has, however, had 
more application to an emergency for a limited 
period than to special survey. To eke out time 
to reach the special survey date or to meet war- 
time restrictions has been its more usual purpose. 


More difficult, however, are those cases, 
normally not experienced under peace-time con- 
ditions, where the ship may be considerably 
depreciated, where substantial repairs cannot be 
done and it is desired to continue in service for 
some considerable time. Usually there is a 
proposal for restriction of service or restriction 
of loading. The former may vary from being 


moored as a hulk in sheltered waters somewhere 
to coastal voyages of varying range; the latter 
involves reduction in draught. 


Owners frequently request to carry a final 
cargo on some part of the voyage to the sheltered 
waters, and the proposals and route need exam- 
ination. Their ideas of what is coasting 
are at times elastic and the issue is con- 
fused by the fact that coasting, for example, 
round Cape Horn is not an impossibility. <A 
statement of the virtues of coasting for the 
purpose in view and of the relevant considera- 
tions on freeboard and strength would supply a 
felt want. 
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Restriction ot draught has only been experi- 
enced with the older tankers which afford easier 
opportunity for reduction of their full load than 
the modern tanker of the two fore and aft bulk- 
head design in which partial loading may entail 
a heavier bulkhead loading. 


But in both the proposals it is the condition 
of the structural material of the shell and deck 
which primarily has to be ascertained, and a view 
on any limited repairs considered essential. The 
condition of the internal bulkheads moves into 


V—REPORTS. 


Many will regret that all surveys are, unfor- 
tunately, incomplete without a report. Reports 
cannot therefore be regarded as other than 
essentials. For them to be short and concise 
is an advantage also to the writer, while for 
the reader clarity and completeness are every- 
thing. Each case differs from another, but the 
chief intention of our reports is to convey the 
extent and significance of the survey made and 
of the repairs or alterations effected. 


In dealing with the repairs it is suggested that 
so far as possible the extent of renewal of the 
different surfaces, of the bottom and side shell, 
fore and aft and transverse bulkheads be indicated 
generally so that the extent of renewal can be 
easily grasped, as well as by recording number 
and location of the individual plates. 


The recording of the renewals of the items 
of internal framing can be very concise and 
complete in tabular form, but its  signifi- 
eance lacks expression, and appreciation of 
this would be easier if the total number of 
members in the part of the tank concerned were 
indicated. This could be given at the side after 
the name of the item. 


Reproduction of Repairers’ lists is undesirable 
and grouping and arrangement of items will save 
the writer much needless repetition. 


Some general uniformity in reporting, pro- 
vided it is no more than general, and the result 
is comprehensive and concise, has advantages. 
It also appears essential as a first step in 


second place. The whole will, of course, be a 
matter for submission for approval. 
attaming some degree of uniformity in the 


assessment of fees on account of repairs of an 
extensive nature. But the estimation of fees is 
another subject, and outside the present scope. 


It is, however, suggested that the Rules with 
regard to reporting the drilling of the shell of 
tankers at 24 years of age and subsequently 
might with advantage be considerably amended. 
The critical years in the life of a _ tanker 
are often at only a fraction of these ages, 
which many never even reach, and a twelve year 
period bears little relation to actuality. The 
condition of the deck is more important struc- 
turally than that of the side shell, as in dry 
cargo ships, and should come under review in 
any assessment of the structural position, and 
this would appear to hold over the whole length 
of the main cargo tank portion of the ship and 
not merely at amidships. 


In conclusion, while I have endeavoured to 
portray practice in these surveys, the views 
expressed are my own simply—and let me hasten 
to add I can conceive the possibility of others. 
In presenting an essential framework much detail 
has of necessity been omitted. Its inclusion again 
would have lengthened the paper unduly and 
essentials can, of course, be met in a diversity 
of ways. On the other hand, some will be familiar 
with much that has been stated, but it seemed 
in any case an essential part of the whole. And 
finally, if there is some repetition of a certain 
word, I trust in writing under this title it will 
be found as suitable as it has seemed essential. 
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DISCUSSION ON MR. G. R. EDGAR’S PAPER 


SOME ESSENTIALS OF UPKEEP SURVEYS 
OF OIL TANKERS 


DR. WEBSTER 


Mr. Edgar has put a lot of work into this 
paper and we appreciate having him in Glasgow 
to read it. It will be weleomed by surveyors, 
and particularly by those who have no experience 
in the repair of tankers, as these really do present 
quite a different problem from merchant ships. 
The only guide the surveyor has in conneetion 
with surveys is in regard to renewal of shell 
plating as set forth in the Instructions to 
Surveyors. Roughly speaking, as Mr. Edgar 
points out, these require the shell plating to be 
renewed when the thickness is worn down to 
about two-thirds of its original thickness. We 
have, however, to pay Jodie attention to the 
shell as a w hole and if it is found to be reduced 
in thickness generally we may have to ask for one 
or more strakes of shell to be doubled, with a 
view to restoring the strength of the ship as a 
To apply this one-third reduction in 
thickness rule to the whole ship, particularly in 
the case of a tanker, is quite another question, 
and I doubt if the result would be satisfactory. 
Mr. Edgar has quite rightly drawn attention to 
the importance of the deck a tanker, but if 
the reductions in the shell and deck are com- 
pensated for, then the stiffening members, that is 
the longitudinals, ete., of these parts should also 
receive careful consideration. 


whole. 


On page 9, consideration is given to the 
reduction of these stiffeners, and T suggest that 
30 per cent reduction is certainly quite sufficient 
and in some cases too much, but a 40 per cent 
reduction, which is suggested, T think is out of 
the question. In my opinion the acceptance of 
a 933-46 bulb angle when its web is redueed 
to *28 is quite wrong. What would it be like 
four years later? Referring again to decks, he 
states on page 9, “Over somewhat less than the 
midship half length, Ce should be renewed at 
a reduction of about 25 per cent from the Rule 
thickness. Beyond this length reduction may be 
permitted to ‘be somewhat greater than this, up 
to one-third from original”. 


Then again on page 12 he makes another 
reference to decks—‘The condition of the deck 
is more important structurally than that of the 
side shell, as in dry cargo ships, and should 
come under review in any assessment of the 
structural position, and this would appear to 
hold over the whole length of the main eargo 
tank portion of the ship and not merely at amid- 
ships”. TI entirely agree with that seeond state- 
ment. I think that the whole of the deck should 
receive consideration and not only the midship 
portion as appears to be indicated on page 9. 


In the same paragraph he refers to the shell 
being drilled at 24 years as required by the 
Rules, and he also indicates that that needs 
investigation, with which I think we will all 
agree. In practice, however, the surveyor would 
ask for drilling long before that time and I think 
there would be no objection from the owners. 
12 years is probably nearer the correct figure. 


On page 5, Mr. Edgar states that the top 
strake of bulkhead plating need not be renewed 
until below *24. Again IT would ask, what w ould 
it be like in four years’ time? 


We had three or four pre-war built tankers 
here in which the survey was due when the war 
started. This was not carried out, but they went 
through the war just with general examinations 
and came in for Special Survey when 11 years 
old. When the surveyor went down he dis- 
covered there were large areas of plating on the 
bulkheads which had simply fallen out, all dué 
to lack of survey. I understand the cost of 
building was about £180,000 and the ships cost 
about £280,000 to repair, 


On page 8 it is stated that bottom transverses 
rarely require renewal and I agree it is unusual, 
but we have had cases in which the centre girder 
had to be renewed. 


Also on page 8, it is stated that the side shell 
does not show the same depreciation as the bulk- 
head. I would suggest that the actual depre- 
ciation itself is not much different, but the 


percentage is different, at least on the pump 
room bulkheads, which have the corrosive effect 
of oil and water on one side only. 


Regarding pipe corrosion, this will probably 
not be met with in modern ships, but it is met 
with in the older ones. I have had two cases in 
which the steaming out pipes and gas extraction 
pipes were practically corr oded away in a little 
over 3 years. Also, any diseharges such as 
sanitary pipes, ete., which are led overboard 
through an oil tank should be carefully examined 
for corrosion. 


Mr. Edgar avoids the question of fees, but in 
Glasgow and Greenock we have made these 
commensurate with the very large amount of 
work involved, work which is very valuable to the 
owner who does not object to a fee which is a 
very small percentage indeed of the cost of the 
repair. 


MR. H. R. GIBBS 


We are much indebted to Mr. Edgar for this 
very valuable paper, which deserves an honoured 
place amongst the classics of the Staff 
Association. 


The Author has made such a concise summary 
of the whole gamut of survey work on tankers 
that detailed criticism is not possible and I intend 
to confine my remarks in the first place to 
broader aspects of the surveyors’ duties—duties 
which, in the next decade, will become even more 
arduous and physically exhausting than the 
author mentions in his paper. 


In the past war years tankers have increased, 
and are still increasing, in both size and numbers 
to such an extent that in about 8 to 10 years’ 
time, when vulnerable surveys become due, I 
believe it will be physically impossible for 
surveyors stationed at tanker repair ports to 
carry out their duties in an efficient manner 
without the doubling of surveying staff, which 
will not be possible from a financial or economic 
point of view. The Author touches on the fringe 
of this problem when he mentions the 
experienced help which is provided by repairers 
and owners “iron men’’—help which is absolutely 
vital for the successful carrying out of the 
survey examination—and I would go a step 
farther and say that the time will come when 


similar help (in testing, at any rate) will have 
to be given by employees of the Society, to be 
designated in title as may be decided by the 
Committee. 


In these days of all welded bulkhead con- 
struction where leaks are a rarity, I feel that 
intensive climbing up and down bulkheads which 
are rapidly increasing in size, could be carried 
out by personnel stationed in the works whilst 
the surveyor himself could concentrate on the 
more important problems which will inevitably 
arise when deterioration sets in. 


The same remarks will apply equally to tankers 
on the stocks and I know that some of my 
colleagues feel that continual tests and dry 
surveys leave very little time for carrying out 
their other obligations, such as the verification 
of seantlings, examination of details of sequence 
and workmanship, discussions in the drawing 
office, checking of templates in the mould loft 
ete., and also leave little time for their multi- 
farious clerical duties. 


Whilst it is appreciated that such an arrange- 
ment as I have suggested could lead to abuses 
and that it is very often most informative to 
carry out a test, I consider that sooner or later 
this is a problem which will have to be faced. 


In various chapters the Author gives some 
interesting percentage figures of permissible 
reduction in thickness in various parts of the 
structure. I will quote the figures :— 


Plating thickness 
Sectional material 
Bulkheads ... ... 
Webs & Transverses 
Bulkhead Stiffeners 
DD GSES vyale ahh in ees oa 
Bottom Shell 


25 to 30 per cent 
30 to 40 per cent 
25 per cent 
30 per cent 
30 per cent 
25 per cent 
25 to 33 per cent 


Whereas the Author makes it perfectly clear 
that—I quote, “any assessment of safety margin 
is not exact’—‘“there is no adequate and 
recognised application of where the factors of 
safety be in respect of items of structure” and 
“structural failure in tankers is rare”—there 
is nevertheless laid down a legal standard 
strength on which our rules are based and the 
Society’s obligation to maintain this standard 
should be realised and the above figures not 
religiously adhered to, but should be considered 
as a whole and compensated for. Mr. Edgar 
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refers to this aspect, I think, in the last 
paragraph of page 9. By renewing strakes of 
bottom shell or decks of inereased thickness, 
economy in repairs can be accomplished with a 
corresponding replacement of strength. 


The author advocates check deck drillings at 
8 years and I would go farther than this and 
suggest that, say, 2 sample bulkheads should 
also be drilled at 8 years and at intervals of 
2 years thereafter. This bulkhead drilling could 
easily be arranged to take place on the occasion 
of a periodical dry docking and in conjunetion 
with the amended period of shell drilling 
suggested by the author would give a very clear 
picture of the vessel at her most vulnerable 
period. 


The chapter on pitting of the bottom shell 
is most interesting and informative and probably 
comprises that part of a surveyor’s duties where 
it is most difficult to come to an easy decision. 
Questions of strength do not usually arise 
where local pittings caused by black oil are 
concerned, but he has to decide whether a 
plate will last until the next Special Survey 
without resort by the crew to the introduction of 
broom handles in the holes so formed—of which 
instances have been seen. 


In the event of doubt arising in the surveyor’s 
mind as to whether the normal four-yearly period 
ean be bridged safely, he can always recommend 
a further special examination in two years and 
this recommendation has been known to have the 
concurrence of owners’ superintendents. It is 
surprising how long a pitting takes before it 
actually becomes a hole. Incidentally, returning 
to the question of physical exhaustion, I know 
of no harder job than to examine thoroughly the 
bottom of a tanker for pitting—I think I would 
rather climb up and down bulkheads—at least it 
is cleaner! Doublings in way of pittings are to 
be deprecated; they fulfil no real purpose and 
constitute a very real danger. One National 
Authority, at least, bars them from being fitted 
to the structure in way of the oil tanks. 


In these days of welded butts and seams of 
bottom shell plating it will be necessary to pay 
particular attention to the condition of the inside 
welds in way of the cargo tanks. Cases have 
been known where excessive corrosion of the 
welds has occurred and unless one is aware of 
this tendency it ean easily be overlooked in view 


of the presence of dirt and congealed oil. An 
air hose is a useful accessory for having the 
wells blown out and one is usually available. 


Although Mr. Edgar’s paper covers very 
extensive ground, I am sorry he did not refer to 
the particular problems involved in the survey 
of molasses and bracketless tankers, although 
the latter are fortunately becoming rare. 
Perhaps he might be able to refer to them 
briefly in his written reply to the discussion. 


In conelusion I would like to thank the author 
most sincerely for an extremely useful, 
informative and monumental work (and I would 
also like to say how pleased we are to have our 
president with us to-night). 


MR. G. J. THOMAS 

I would like to ask one question. What is 
the general practice as to the examination of 
heating coils in cargo tanks. That may not be 
within the scope of the paper, but after Dr. 
Webster’s remarks I think it is. And would 
Mr. Edgar say if the surveyor does examine 
these heating coils at periodical surveys and if 
it is the Society’s responsibility to see that the 
efficiency of these coils is maintained. 


if Mr. Edgar could give us a lead on that 
point it would be quite useful. 


MR. H. BERRY 


Much has been said by my colleagues on these 
reduction figures. In my particular job I meet 
more of the small type of tanker, where you 
seldom find any thickness of plating much over 
30. Taking Mr. Edgar’s 25 per cent off -30 
brings it down to ‘23, but if most of the plates 
are going to be left at *23 I doubt whether they 
would last very much longer than the four years 
for which we legislate. My usual practice has 
been to renew everything at -25 and I feel that 
& minimum figure of somewhere around that 
would be advisable. 


Another point, on the pitting of shell plating. 
No-one previously seems to like welding pittings, 
but everyone seems to do it. However, I had 
one case of a small vessel where pitting was 
taking place in the keel and the garboard strake. 
Tt was very slight and on discussion with the 
owners it was agreed that the inner surface of 
the keel and the garboard strake should be 
sandblasted and cleaned off and then sprayed 


with metal—I think, as far as I recollect, a 
stainless metal. That was some two or three 
years ago and I have not heard yet whether that 
repair was successful or not. If Mr, Edgar has 
any information on this subject, I think we 
would be pleased to hear about it. 


MR. R. G. LOCKHART 


In dealing with part 2 relative to bulkheads, 
Mr. Jensen has already referred to the point, 
made by Mr. Edgar regarding plate wastage in 
the unsupported plating in way of scallops. It 
might be of some benefit to omit the scallops for 
about 12 ins. above and below the girders. Mr. 
Edgar’s general remarks regarding welding of 
bulkheads seem to emphasise the importance of 
Seetion 49, “Structural Details,” of the revised 
Tanker Rules. 


In part 6 in reference to decks, Mr. Edgar 
has mentioned a reduction of 25 per cent or even 
higher, and I think that so long as the wastage 
is uniform the increase in stress might well be 


acceptable and that the ship will still be 
seaworthy so long as the stress at the 
bottom and deck is uniform, but I have 


in mind the possibility of a deck being reduced 
by 25 per cent or more and the bottom shell 
and longitudinals having been put in a state 
approaching to initial Rule requirements. In 
such a ease the increased stress at the deck and 
the reduced stress at the keel might well impair 
the safety of the ship to some extent. 


The strength of the ship girder as a whole 
should be borne in mind when dealing with any 
such repairs. 


MR. G. FULLERTON 


Mr. Edgar mentions the conditions for the start 
of the Special Survey: a prepared specification 
by the owners, a request for a full-time 
attendance by the surveyor, and the simple 
information that the survey will be carried out. 
The surveyor, on starting the survey, may find 
that this is the instance where the owners’ 
representative is not always present. In thes 
cireumstances I think it is better to leave out the 
preview and preliminary view of the survey and 
get right down to an examination of, say, one 
wing tank and the centre tank aft, and a wing 
tank forward. Once you have received the notice 
of the Special Survey it is generally two or 
three days till it comes off; a request should at 
once be sent to the owners or repairers to have 
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the staging fitted in these wing tanks, mostly 
under the deck. In doing this, the surveyor is 
immediately in a position to check whether he 
can rely on what has been brought out in the 
owners’ specification, and is really in a position 
to get a true basis on which he can open any 
discussion with the owners’ representative when 
he is there. At the same time, he puts these 
items, findings or recommendations on to a 
diagram so that the whole thing is down in 
black and white and ready for discussion, and 
the position of the rest of the ship in relation 
to this tank is noted. 


I would carry out the survey as recom- 
mended by Mr. Edgar—that is, the bulkheads, 
the inner shell and then framing ete. But if 
there is heavy corrosion on the bottom and shell 
plating, pitting at the seams, longitudinals and 
butts, I think it would be better to recommend a 
preliminary docking so that the condition of the 
outside shell and the riveting could be ascertained 
and then you could combine what you find inside 
and outside. 


The figures for deterioration: it is difficult to 
say that the percentages as given are what you 
have actually to work to, although they could be 
recorded on the diagrams and then once the 
survey has been completed the whole lot could 
be checked with a view to bringing out the 
continuity of renewals, because with 33 per cent 
deterioration of bulkheads combined with 30 per 
cent on the bottom shell and 25 per cent on the 
deck, the whole thing would have to be recon- 
sidered. When examining the ship Mr. Edgar 
says that when looking for grooving it is found 
on the plain side of the bulkhead. There is also 
a certain amount to be found on the stiffener 
side of the bulkhead. 


The welding of the pitting of the bottom shell 
is a very difficult question at every Special 
Survey. Some owners have gone to the extent 
of building up big wastage and in a recent case 
where we had built up shell plates with welding 
we found on testing the plate after it had been 
broken that the tensile strength of the plate was 
considerably affected, and I hesitate even in small 
pittings to recommend welding. 


Reduction of Classification: in reporting the 
vessel, I think note should be taken of the 
condition of the ship and a copy of the diagram 
and a concise report put forward to London, and 
no information given to the owners until a reply 
has been-received from the London Office. 


Reduction of draft: if you are reducing the 
ship’s draft on account of wastage of the bulk- 
heads, it is not a good thing to issue a certificate 
giving the ship seaworthiness when the conditions 


of the bulkhead have cansed that request to be 
made, 
MR. C. J. G. JENSEN 
With regard to Mr. Edgar’s remarks on 


grooving in way of welded scalloped stiffeners, 
a further complication arising from the use of 
such stiffeners, may be the failure of the fillet 
weld connection to the bulkhead in way of 
supporting girders. Failure of the welding may 
be accompanied by eracking of the bulkhead 
plating. Would Mr. Edgar be in favour of 
deleting scallops in this vicinity? 


Failure of the welded connection of horizontal 
girders to bulkheads has also occurred at the 
ends of girders where they have been slotted 
for vertical stiffeners and in addition, cracks 


have appeared in the bulkhead plating. The’ 


stress concentration may be aggravated by the 
presence of end brackets on either the plain or 
girder side of bulkhead. Section 49, paragraph 
5 of the Rules, gives general euidance regarding 
the fitting of collars round such slots but it would 
be helpful if the Author could give us more 
information on this matter. 


MR. A. G. AKESTER 
We are honoured to have our President, Mr. 
Cocks, with us today and to hear Mr. Edgar 
give his timely paper in person. 


Most of us know something about tankers but 
with changing types and service it is not always 
possible to generalise. Two ships built at the 
same time may require quite different treatment 
after ten or twelve vears service—it all depends 
on the nature of that service and, indeed, to 
some extent on the initial design. 


Each ship then requires a thorough and 
complete examination in all its parts. One tank 
may not be a criterion of general condition; that 
is the difficulty. 


Fortunately many owners now keep pictorial 
records of renewals at previous surveys and these 
are invaluable aids to the drawing up of a 
specification. 


on 


It is part of a preview in some places to have 
a preliminary testing of tanks and so get an idea 
of leakage, on the principle no doubt that water 
pressure is more searching than the hammer. 


Deciding what should be renewed at a survey 
on account of wastage is mainly the exercise of' 
common sense. Renewal limits are, of course, a 
guide but they must be used with care, The 
quality of remaining material has also to be 
considered, especially after the removal of seale 
from both sides of flat surfaces. 


The uncertain quantity of the internal 
structure of a modern welded tanker is now not 
so much a question of leakage or wastage as the 
possibility of the development of minor fractures 
in its transverse and longitudinal members, and 
perhaps more particularly, girders or stringers. 


Twenty years ago at a damage or Special 
Survey and without much comment. several 
thousand rivets could be renewed in bulkhead 
connections, &¢., in an attempt to eliminate inter- 
tank leakage. Nowadays this no longer applies, 
but instead every little irregularity of welding, 
every welded butt, every notch or lightening hole 
is suspect as a possible source of fracture. 
Fortunately these are only “possible” sourees of 
trouble and if they do occur may only be 
a nuisance (for the most part). 


It would appear, however, that a tanker like 
an ordinary cargo ship has to “find” herself with 
service and each may have her own peculiar way 
of doing so. 


The longitudinal standard of strength for 
tankers is, of course, much greater than for dry 
cargo ships and when one reealls the actual 
wastage seen in many old ships this standard 
must give an ample margin initially. Some 
owners suggest that the vertically plated fore 
and aft ‘bulkheads are not as strong as the 
longitudinally plated ones and in some cases 
have desired to fit an additional longitudinal 
strake when plating has had to be renewed from 
the base plate up. 


I would be glad if the Author eould give more 
information about bilge fractures, He mentioned 
the case of the riveted ships where there has 
been very little distance between the ends of the 
bilge tee bar and the shell butts and grooving 
has taken place. We recently had a ease of this 
in a ten year old tanker. It is not easy to 
repair properly and we acceded to the owners’ 


desire to eut out the riveted butts in the bilge 
strake altogether by cropping and renewing the 
plates in reasonable lengths, welding the butts 
and keeping the riveted seams. 


Also I would ask the Author to tell us a little 
more about corrugated bulkheads in service as 
these are now quite common. 


Regarding side shell it is quite true that this 
requires less attention than the bottom plating 
but the question of age also counts. Thus at 
twelve years some fifty plates might require 
renewal on the bottom, but at twenty-four years 
more than twice this number with many of these 
on the side. 


It is of interest to note the number and size 
of tankers building at the present time. In a 
few years when surveys become due it looks as if 
“the continuous survey of oil tanks” will become 
the practice and not the exception as it is today. 


I should like to thank the Author very much 
for his stimulating paper. 


MR. A. E. HEAP 


I should like to add my thanks to those of the 
previous speakers for a most instructive paper, 
and one whieh will prove a useful guide to all 
whose duties inelude tanker surveys. 


Tonight we have been given numerous per- 
centages of permissible reduction and there has 
been much discussion about specific figures, but 
“the Author has pointed out in several places that 
these are for guidance only and are not to be 
taken as hard and fast rules. In tanker surveys 
practical considerations must take precedence 
over theory. The time factor too must be taken into 
account in deciding what renewals are necessary. 
If it has taken say 12-13 years for a certain part 
of structure to deteriorate to a condition when 
the question of renewal is under consideration, 
it will be looked on with more equanimity than 
if the material had reached the same state in 
4 years—i.e., the rate of deterioration heing 
much greater. 


With regard to what the Author terms the 
preview; as most tankers are dry docked in 
ballast condition, I would suggest the preview 
inelude an examination under test of those tanks 
already full, and should there be no renewals 
subsequently, these tests might be taken as final, 
to the advantage of the owner and to the physical 
relief of the surveyor. 


Whilst on the subject of tank testing, it is 
strongly recommended that caulking of rivets, 
and in particular shell rivets, be reduced to a 
minimum. Renewal is much more satisfactory, 
and I have found, in a number of cases where 
caulking has been resorted to, that there have 
been at the next dry docking many slack rivets 
in the vicinity requiring renewal. With heavy 
oil cargoes shell leakage appears to be more 
prevalent, and I do not think it is merely because 
the black oil is more easily seen on the shell. 
The Suez and Panama Canal Authorities are 
particularly averse to shell leakage from ships 
passing through, and a little extra care at 
surveys will reduce trouble with these officials. 
A preliminary examination of rivet heads in the 
bottom of tanks carrying heavy oil may be 
misleading. What appears to be a good full head 
may, when sealed, be non-existent. 


The Rules of Periodical Surveys of Petroleum 
Tankers permit the testing of oil compartments 
by filling to the light load line in dry dock, and 
completing the testing afloat.. I am not sure 
what a light load line is, and have failed to get 
an exact definition. Perhaps the Author will 
enlighten us. If it means light water line, and I 
do not think it does, then for a_ tanker 
approximately 500ft. long and 11000 tons gross, 
the head of water required would be in the 
region of 9ft. Gin. Even filling to 20ft. in dry 
dock, which is not uncommon for this type of 
vessel, this is still 22ft. less than if the head 
of water had been taken 2ft. up the hatch 
coaming—quite an appreciable figure. I have 
noticed in many cases with a head up to 20ft. 
there is little shell leakage visible, but as the 
head increases to the deck and into the coaming, 
considerably more leakages oceur, and in several 
instances hair cracks have been found which 
were not seen at the 20ft. head. 


It is common knowledge that with heavy oil 
cargoes the deterioration is found mainly in the 
lower parts of the tanks, whilst in vessels 
carrying spirit cargoes the upper structure is 
affected. The former type of corrosion is of the 
encrusted variety and the latter of a flaky nature. 
Tanker companies recommend, in order to obtain 
the maximum life of a vessel, that heavy oil be 
earried during the first eight to ten years. This 
is not always possible, but it will greatly assist 
the surveyor in carrying out his duties if he has 
some knowledge of the periods during which the 
respective types of cargo have been carried. 


Some notes of the nature, probable 
disposition and extent of corrosion and defects 
in molasses tankers and in vessels carrying whale 
oil would add still further to the value of the 
paper, together with what data is available 
regarding the corrosion of corrugated bulkheads. 
It would seem to me that the outer edges of 
the corrugations would be liable to more speedy 
deterioration on account of the stretching of the 
material and the slightly decreased thickness. 


Mr. Lewis has pointed out that corrosion in 
tankers is not due solely to the cargoes carried, 
but also to the water ballast and the atmosphere. 
This is borne out in molasses tanker surveys. 
These vessels carry cargo only in alternate 
tanks, the others being used for water ballast. 
Deterioration is found to a far greater extent 
in the ballast, than in the eargo tanks. 


A few notes of the extent and approximate 
positions of the one-hundred fractures in a T.2 
Tanker would be very interesting and would 
assist in future surveys of such vessels. 


The percentage of tankers still in service after 
twenty-four years (vide p. 10) is not very high, 
but the inereased size of tankers, the additional 
cost of machinery and of after end and bridge 
accommodation spaces may result in owners 
returning to the experiment of building a new 
tank portion when that part requires extensive 
renewals. This was successfully carried out in 
1930 for the Anglo-American Oil Co., Ltd. to 
their vessels “Cadillac” and “Saranac.” <A tank 
portion was built complete on the stocks for each 
ship, launched and fitted to the existing ends, 
the bridge structure being released launched 
ashore and replaced on the new body. 


The Rules ask for removal of strums at each 
Special Survey; does the Author consider it 
necessary to remove all the strums at a first 
Special Survey in the event of the material in 
way proving satisfactory on the removal of a 
number of selected strums ? 


Thank you again Sir! 


MR. J. L. ROBERTS 
This paper has very satisfactorily covered 
the problem of surveying a normal tanker which 
has begun to show the usual signs of wastage 
in the cargo oil tanks, and complicated and varied 
as this type of survey can be, it speaks volumes 
for the surveyors that, irrespective of the port 
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and the different ideas surveyors may have of 
the job, the tank ship owner is assured of a 
good and sound vessel at the completion of a 
Special Survey. 


Between the Special Survey periods, however, 
tankers have an unfortunate habit of developing 
failures in their main structure and, whilst in 
many cases the surveyor can _ pin-point 
the eause of the trouble and do something to 
ease or eradicate the possible repetition of a 
similar failure, where fractures occur in bilge 
strakes the remedy is not always easily found. 


I think we should have a different approach to 
the bilge strake plating and instead of 
considering it as another strake of bottom or 
side shell plating we should think of it rather 
in the terms of a sheerstrake or a keel plate 
and with similar scantlings. More attention 
could be paid to this part at the design stage 
and endeavour made to obtain better support 
at this highly stressed area. 


The efficiency of longitudinal bulkheads having 
vertical stiffening is improved by the introduction 
of horizontal strakes of plating in lieu of the 
usual method of panel plating. 


All surveyors will note with satisfaction the 
recognition given by Mr. Edgar to the physical 
efforts necessary on the part of a surveyor 
engaged on tanker work. 


MR. R. N. HUNTER 


This paper should help to point out the 
way for the guidance of surveyors who 
conscientiously feel that the survey of tankers 
has to be undertaken in no “light spirit’’, and the 
writer feels that Mr. Edgar has covered the 
ground in a manner which all practical surveyors 
will understand and appreciate. 


In the condensed form to which he was of 
necessity restricted, the inclusion or rejection of 
the mass of information which obviously is 
available to the Author, must have occasioned 
him a great deal of thought and preparation, and 
he is to be congratulated for the clear and 
concise manner in which it has been presented. 


There are many items in the paper which 
could be selected for fruitful discussion, but one 
salient feature which must cause concern both 
to the owner and the Society is the nature of 
defects to the bottom shell and the extent of the 
subsequent repairs which entail expensive 
dry dock dues. 


The shell pitting which occurs in the cargo 
tanks when the ship, after her initial period on 
the carriage of light spirit cargoes, loads the 
heavier distillates, becomes considerable and 
alarming in a very short space of time. The 
writer feels that the welding of isolated “pop” 
holes which usually fit one’s finger, is not in itself 
to be deprecated. Where, however, these very 
evident defects oceur, there are generally 
extensive areas of lesser depths but more serious 
implication, and it is these areas which require 
the corrective treatment that can really only 
mean renewal when the material in way has been 
reduced below the limit. 


The writer feels that it would be advantageous, 
if the owners could be persuaded on the 
conelusion of the carriage of spirit cargoes that 
the bottom shell could be carefully sealed or shot 
blasted and sprayed with a suitable hot metallic 
deposit of approx. -006in. thickness. 


The bottom shell in Cofferdams should also be 
given protective treatment as these spaces 
usually suffer seriously through the neglect of 
removal of the last “spoonful” of oil and salt 
water. 


It is understood that the galvanising, after 
manufacture, of access ladders and internal 
piping has considerably extended the life of 
these fittings. 


Could the Author inform us whether any ships 
have been protected in the above manner or if 
any similar experiments have been carried out. 


MR. T. PRATT 


The Author is to be congratulated in bringing 
forward for the enlightenment of the uninitiated 
and for discussion amongst the experienced, the 
question of tanker repairs, for it is the subject 
of much cogitation on the part of those 
concerned, 


When a tanker comes under survey, the first 
questions that present themselves to the surveyor 
are the vessel’s age and her history as to type 
of oil carried, for from the answers to these 
questions he can usually make a fair estimate 
of the work involved. 


Where a preliminary view has not been made 
or specification is not available and_ the 
renewals are on a large scale, then the survey 


becomes continuous to permit the repairer to 
order the requisite material as soon as possible 
after drawing up the specification. 


Where the internal structure is in really bad 
condition and renewals are the only possible 
recommendation, the surveyor’s course is clear, 
but many border line cases require careful 
consideration of the structure, not only as to 
oil-tightness but also as to the strength of the 
ship as a whole. 


The extent of the repairs necessary have also 
to be related in vessels of some age to the 
owners’ intentions, i.e., whether she is to be 
retained in service for some years or her services 
dispensed with in a comparatively short period. 


Some owners are themselves to blame in 
allowing the ship to carry light oils for too 
long a period and in these cases the repairs can 
be quite extensive. 


The internal structure of the old tankers was 
of robust construction, but during the develop- 
ment of these ships there has been a tendency to 
reduce scantlings to allow of the highest stress 
permissible, and also reduce the thickness of 
web material While this has tended to 
increase deadweight and reduce first costs, it 
has inereased the cost of repairs in structure 
so lable to corrosion as exists in tankers. 


The practice of some shipbuilders of obtaining 
maximum strength of sectional material in 
association with thin webs, is to be deprecated, 
as the web is worn through while a fair amount 
of life still exists in the remainder of the 
section. This practice is controlled to some 
extent in the latest Oil Rules, where a minimum 
thickness is laid down. 


A considerable amount of trouble which 
develops later in the strueture could be avoided 
during construction by a careful attention to 
design of details and the avoidance of hard 
spots and the positioning of lightening holes. 
This applies particularly to welded tankers, and 
it must be confessed that the drawing office 
staff is not always alive to their importance. 
Each advance in some new form of construction 
brings its attendant problems and I am convinced 
we have not yet solved all the problems connected 
with welding. 


In surveys where serious deterioration is found 
it is not only advantageous, as stated in the 
paper, but really essential that the result of the 


drilling be recorded on an outline plan so that 
an overall grasp be obtained of what is required 
in the way of repairs. 


I do not favour long tanks, and where these 
are fitted I am strongly in favour of wash plates 


or extra webs being introduced even with 
vertical side framing. 
With the accentuation of stress in way of 


brackets and subsequent deterioration at these 
spots, one is sometimes inclined to mourn the 
passing of the “bracketless tanker” even with its 
own particular troubles. 


The percentage of permissible reduction in 
scantlings is concurred in generally, but the 
overall picture and the various factors affecting 
the same must be borne in mind. Particularly in 
primary members, acceptance of the maximum 
reduction suggested as acceptable may lead to 
collapse before the next Special Survey without 
some stiffening being introduced. 


The Author gives an interesting table showing 
the percentage loss in modulus and moment of 
inertia with a uniform reduction over the back 
of the web in a 9 in. bulb angle. This reduction 
does not appear alarming, but if the 
deterioration in the plate and the bulb itself were 
allowed for, this loss would prove much more 
serious. 


At a quite early period in the life 
of spirit-carrying tankers, the deterioration 
of the deck and top members of the strueture 
in way can assume serious proportions. 
While no particular deck plate may be so 
reduced in thickness as to warrant renewal, 
the total reduction in sectional area of the 
deck, attached longitudinals and top plating 
of the longitudinal bulkheads may be quite 
considerable, and so affect the strength modulus 
of the whole ship. In such eases the webs of 
the longitudinals, also the bulkhead plating, are 
generally so far gone as to require renewal. 
The strength modulus can then be partly restored 
by fitting new deck longitudinals of increased 
size and thickness. In the case of very heavy 
decks, as fitted in modern tankers, longitudinal 
girders might be introduced to restore the 
strength. 


Fractures to the bilge strakes support my 
advocacy of some increase to these strakes when 
the vessel is built. As the ship rolls the stress 
at the gunwale and the bilge is increased above 


that contemplated for still water conditions. 
The naturally strong construction at the gun- 
wale can withstand this extra stress, but the 
bilge plating in time shows the effects and 
fractures result. 


The Author has drawn attention to the 
fractures that occur to the bilge plating in way 
of pump room inlets, and the abrupt stopping 
short of the bilge keel each side of these inlets 
is a contributory factor. 


Overlapped shell butts of the bottom shell are 
still occasionally found fitted far too closely to 
the transverse bulkheads and this, coupled with 
the abrupt ending of the bottom longitudinals 
at this point, is a sure forerunner of fractures. 


It is agreed that with the toe welded stiffeners 
the greater freedom to deflect will render 
grooving more prevalent, and it is a moot point 
whether the inereased thickness of bulkhead 
plating now specified will meet the situation. 


As the Author points out, lack of stiffness 
in the web plating can contribute to trouble 
developing, and I have always been an advocate 
of adequate stiffening being fitted to these 
members. 

In new tankers where delay in the deliveries 
of sectional material is occurring, the builders are 
turning to flanged plates as an alternative. This 
will tend to produce earlier deterioration in the 
section and more work for the repairers. 


The frequent fractures at frame notches in 
way of end brackets of girders has been provided 
against in the new rules by the fitting of collars 
at the frames and this particular defect should 
cease to be a trouble. 


In conclusion the scope of the paper and the 
way the whole subject has been presented in 
all its aspects, merits our sincere appreciation 
and thanks. 


MR. A. C. HUNTER 


Mr. Edgar is to be thanked for his important 
contribution to the many valuable papers 
produced by the Staff Association. 


This paper, as its title implies, confines itself 
to the essentials of a survey, and this enables a 
surveyor to develop a method. Once a method 
has been established the attention to details 
follows automatically, provided, of course, that 
the surveyor sees things and not merely looks at 
them. 


I should like to suggest that closer co-operation 
be arranged between surveyors on modern welded 
tanker repairs and surveyors on new tanker 
construction. 


To illustrate my point: at various times I act 
as second surveyor at tanker surveys, and as a 
result have had brought to my notice failures and 
defects which normally I would never know 
about. It has been possible to take steps to 
avoid a repetition of the failure in tanker 
building. 


The easiest way of developing this co-operation 
would be through the Principal Surveyor who 
knows what is going on in the district and also 
sees reports. 


A detail which I think needs consideration in 
tanker surveys is a fairly carefully kept note 
book, as discussions often arise under 
circumstances when access to Surveyor’s journal 
or other documents is not available. This 
entails a -certain amount of extra bother 
especially if the surveyor indulges in gloves. 


Finally I would like to express my appreciation 
of the hard work done by the people who 
organise these Staff Association Outport 
Meetings. 


MR. H. McQUEEN 


As the author has stated, he has given us a 
formidable list for consideration, so formidable 
and comprehensive that it is difficult to find an 
opening for criticism. 


In recent years we have gained very valuable 
information from the failures of the T.2 tanker 
and that experience wisely applied to the modern 
tanker will go a long way to eliminate any 
repetition of these troubles. With this in view 
T would like to ask the author what his opinion 
is regarding the fitting of tripping brackets 
at the ends of the longitudinals within the line 
of the longitudinal brackets connecting the 
longitudinal to the transverse bulkhead. We know 
from our early experience the single angle 
connection to the bulkhead was replaced by T 
bars and now the tendency is to fit continuous 
brackets through the bulkhead and scallop or 
snipe the end of the longitudinals, thereby 
removing the hard point farther away from the 
bulkhead : but as the toe of the bracket is a very 
highly stressed point we are experiencing a 
number of fractures in the longitudinals at this 


point. It is my opinion that fitting tripping 
brackets at ends of longitudinals has a tendeney 
to aggravate rather than help this condition. 


I think we could justly call this the 
“sealloping” age; as to what the surveyors will 
call it in the not too distant future is a matter 
for conjecture. The Author has pointed out the 
wastage which takes place in way of drain 
holes—as scallops act as a series of drain holes. 
I am of the opinion that plating in way of same 
and the lugs connecting the members to plating 
should be treated as “highly” suspect. Whether 
the saving in deadweight by scalloping can 
justify the-expenditure for upkeep is a matter 
for the owners. 

T would like to thank the Author for a most 
interesting and comprehensive paper. 


MR. H. J. ADAMS 


This is a most instructive paper and a 
welcome addition to the transactions of our 
Staff Association. The second paragraph in 
the second column of page 5, a summary of 
troubles which may be found in welded tankers, 
covers the ground very thoroughly and should 
be studied not only by those undertaking the 
survey of existing tankers but by surveyors in 
new construction as it points out the path to 
correct design. 

With regard to the building up of corroded 
pits in bottom shell by means of welding, it is 
agreed that this is not a perfect repair. While 
it may be true that it is uneconomic above a 
limited extent, it can become a valuable saver 
of time and money since the welding can be 
earried out afloat. This may be utilised in 
saving dock space. In one ease in which the 
writer was concerned welding these pits took 
place afloat over a period of two weeks and the 
vessel's stay in dock was very short. Several 
vessels were dealt with afloat and no trouble was 
experienced then or, so far as is known, reported 
later. 

The Author mentions (page 7) fractures 
partially due to slots in transverses or girders. 
Could he suggest the maximum percentage of 
depth of web which should be removed. The 
writer feels that the slot should not be more 
than about one-third the depth of the web but 
it is known that this has been exceeded. It is 
suggested that the toes of end brackets should 
always be kept clear of the slots, as otherwise 
fracture is made more likely. 


One other query refers to renewal minimums 


for profiles. The Author states that in the 
larger range of thicknesses owners’ repre- 
sentatives would not always willingly agree to 


renewal on 40 per cent wastage. One is bound 
to have a measure of sympathy with this attitude, 


and a further point is that marine 
superintendents do not always appreciate 
differences of -01 when discussing renewals. 


Sooner or later the surveyor is bound to come 
across a case where a vessel was built with thick 
profiles of reduced depth, and the superintendent 
will point out that he could have originally fitted 
a thinner deeper profile of equal strength and 
claim to renew on the basis of this latter 
thickness. The Author’s table on page 9 seems 
to suggest that theoretically, as well as 
practically, there is something to be said for this 
argument. Does the Author agree, therefore, 
that justice would be done and renewal standards 
of profiles perhaps simplified if the allowable 
minimum thickness was based on the minimum 
thickness approved in the rules for the depth of 
profile considered. A 12in. B.A., for example, 
has a minimum allowable thickness of -44. Tf 
say 25 per cent reduction to -33 were generally 
allowed then even if the original thickness were 
‘66 only some 23 per cent reduction in T/Y 
would be suffered and a reasonable minimum 
maintained, 


Tn conclusion I should like to thank the Author 
for a paper most valuable alike to surveyors 
engaged on either repairs or new construction. 


MR. W. A. ROBINSON 


I would like to express my appreciation to Mr. 
Edgar for the excellent paper which he has 
given. 


In my opinion he has covered the general steel 
survey work most thoroughly and given us the 
essential basic renewable and allowable thick- 
nesses of material as a practical guide to tank 
repairs. 


May I suggest that all surveyors, both on 
repairs and new construction, can profit from 
his remarks on page 5, column 2, paragraph 2, 
regarding suspect points of fracture for it is by 
possible elimination of these points by original 
design that the tanker can be improved. 


Some of these points are also liable to fracture 
When riveted connections are fitted though in 
most cases the process would seem to take a 
longer time to develop. 
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I will now refer to page 2, column 2, 
paragraph 2, wherein Mr. Edgar writes of the 
pre-view examination of “one set of tanks for 
each body.” 


Given a two longitudinal bulkhead vessel I 
assume that “a set” would mean two tanks of 
one number and one of the adjacent number 
(either centre or wing) to cover possible normal 
ballasting arrangements rather than a set of 
three tanks in a direct athwartship _ line. 
Similarly in a vessel with centre line bulkhead 
only the two tanks for examination would be in 
a diagonal and not direct athwartship line. I will 
be glad if Mr. Edgar would comment on this 
assumption. 


On page 5, column 1, final paragraph, Mr. 
Edgar refers to the different original thicknesses 
of bulkhead plating in the present rules 
compared with the late rules. Does he agree 
that these thicknesses have been amended mainly 
in the upper part of the bulkheads and that the 
lower plating, below about 18 feet in depth of 
bulkhead, is almost the same as before the rules 
were amended. 


Mr. Edgar comments on the possibility at 
future surveys of having to renew exceptionally 
heavy deck plates gauging perhaps # inch in 
thickness on the large tankers now being built. 
If we follow present practice of renewal at a 25 
per cent loss, then no doubt there will be 
oceasions when renewal will be called for, but it 
would seem that given normal deterioration the 
tanker will usually be employed in the carriage 
of heavy oil before reaching the stage requiring 
renewal of heavy deck plating. I agree with 
Mr. Edgar’s comments on page 10, column 1, 
that the last war has proved that the renewal 
limits of tankers provide a satisfactory margin 
of safety in normal circumstances. 


Is he of the opinion that owing to the increase 
in upper deck plating thickness in the new rules 
we may strain the 25 per cent to the full limit 
always provided, of course, that reasonable 
adjacent drillings are obtained. 


As it would seem that there is a tendeney for 
bottom longitudinals to fracture in line with the 
edge of the horizontal gusset plates fitted along 
the top of the longitudinal ends to the bulkheads 
in some tankers, I would appreciate Mr. Edgar’s 
comments on the following suggestion. That 
the gusset plate be widened at the mid length of 
thwartship span tapering to the usual width at 


ends and so forming an elongated half diamond 
shape. A bracket to be fitted at half width but 
not extending the full width of the gusset (say 
6 inches to 9 inches short) with a smaller 
intermediate bracket at each side of the half 
width bracket. | Would this not distribute the 
load on the longitudinals more evenly. 

May I repeat my appreciation of this paper 
for I have profited by reading it. 


MR. R. H. T. GORDON 

There are two items on which I would like 
further elucidation. 

First: on the Renewal Limit for Sectional 
Stiffeners such as Bulb Angles. In the last 
paragraph on page 3, it is stated that such 
stiffeners could suffer a reduction in the web 
from 30 to 40 per cent before renewal, providing 
the face material is substantial or can be made 
So. 


On page 9 under “Internal framing—Secon- 
dary Members” section (d) General, the 3rd and 
4th paragraphs somewhat qualify the previous 
statement, while the figures given in the table 
at top of page 9 show how a 40 per cent 
reduction in the thickness of the -46 web of the 
given stiffener with plating attached only reduces 
the modulus by 19°1 per cent. 


On page 10, section 7 last paragraph, it is 
mentioned that, with regard to deck longitudinals 
“a tendency to lean over sideways between the 
transverses may however be observed”, and 
concludes that “the limits permitting the 
greater reductions for this type of member can 
safely be used.” 


But take, say, a deck longitudinal bulb angle 
original scantling 8in. x 34in. x *35in. web, a 
37 per cent reduction brings this web to *22 and 
uf this member -is stressed at all, then it is 
possible that it may lean over sideways or trip, 
and if it suffers any further deterioration it is 
probable that it will be found tripped before the 
next Special Survey. 


If these tripped longitudinals were gauged and 
the modulus calculated, the percentage reductions 
would probably be in the same ratio as those 
given in the table, thus showing—as the Author 
emphasises—that such figures are only of use as 
a background. 


It is the reduction in thickness of the web that 
allows these longitudinals to trip, or lean over 
sideways, and while an increase in face material 
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would increase the strength of the section on 
paper, I am doubtful if it does much in fact to 
counter the tendency of the section to trip. 


Does the Author think that it would be possible 
to arrive at a minimum web thickness for such 
sections, beyond which renewal would © be 
necessary to obviate the possibility of tripping. 


Second : with reference to the statement in the 
penultimate paragraph on page 6, regarding 
rivets with heads largely non-existent, I feel sure 
that the Author does not mean that one can rely 
solely on tapered necks to prevent rivets from 
dropping out, but the problem here would appear 
to be how to stop the wastage or corrosion of the 
rivet heads where these are in a bad condition. 


Perhaps the Author, during his’ wide 
experience, has encountered a case in which 
rivets with heads badly wasted were left, and 
survived the period until the next Special 
Survey, and if so, ean he tell us of any steps 
taken to prevent or minimise further corrosion. 


MR. D. T. GRANT 


Being one of the younger surveyors engaged 
on the survey of tankers, | feel that great credit 
and thanks are due to Mr. Edgar for the 
information and methods detailed in this paper, 
and I would well commend this paper to the 
younger surveyors to use as their “guide book” 
on tanker survey work. 


A few items which have been noted in the 
course of survey work and which may be of 
some interest to Mr. Edgar and others are 
appended. 

The method and routine of carrying out the 
actual survey given in this paper is of great 
assistance to anyone not accustomed to this type 
of work, and as it can be very exhausting, 
a fact which I was very pleased to see the Author 
fully admits, the following out of the system 
stated tends to reduce this a great deal. To 
reduce this still further, could not a method be 
devised and adopted whereby a plan similar to 
the outline plan of shell, bulkheads, stringers, 
centre and deck girders, transverses, etc. (usually 
prepared by repair firms engaged on major 
tanker repairs for the purpose of indicating 
test hole readings), be obtained? As 
the various special surveys progress, the new 
material added could be indicated thereon, 
giving the surveyor a good idea of what the 
previous renewals had been—information which, 


with heavy scale and _ possibly heavy oil 
deposit, is difficult to obtain. A case in point 
oceurred where the complete centreline bulkhead 
ot a tanker was staged for examination and no 
deterioration found, and it was later ascertained 
that, apart from 8 plates, the centreline bulkhead 
had been renewed completely within the last 8 
years. This information, contained as suggested 
on a plan, retained perhaps by ships officers or 
possibly Head. Office, would have prevented this, 
and possibly a visual examination of the 
plating would have been sufficient. 


On page six Mr. Edgar refers to doublers 
fitted to the bottom shell. This* method of 
repair is not good, though as a temporary repair 
perhaps permissible, but in all cases the 
doublers should be attached to the adjacent 
structure, i.e., to the butt overlaps and at trans- 
verses, bottom bars, ete., to maintain continuity 
of material. 


Another item which requires attention during 


survey is the keel plating where, due to the 
screening effect of the keel blocks, a large 
amount of scale, often loose, collects, and wastage 
takes place which, together with internal wastage, 
can quickly cause trouble. Survey requirements 
require cables to be ranged in drydock and 
examined at approximately 8 years. Could not 
a similar requirement be made regarding the keel 
plating, and have it scaled thoroughly at say 
8/12 years. This would, in my opinion, greatly 
extend the life of the keel plating. 


The grooving of bulkhead plating at the heels 
of stiffeners referred to on page 4 is fairly 
obvious on most ships, but this to a lesser degree 
perhaps also occurs at the vertical or horizontal 
seams of bulkhead plating in association with 
stiffeners in a similar line. The method of 
temporary repair, viz. fitting doublers carried 
well inside stiffener end brackets is reasonable, 
but would the Author state whether or not the 
stiltener rivets are also removed and _ refitted 
through the doubler. It would also be of some 
assistance if Mr. Edgar would give his comments 
regarding the acceptance of this repair as 
permanent provided that the adjacent material 
to the doubler was found of reasonable thickness. 
Difficulty, I feel sure, would be encountered with 
the owners’ superintendent when the request 
was made at Special Survey (probably only 
12 months after the doublers were fitted) to 
renew the bulkhead plate, as his owners had 
already possibly spent on the doubling plate 


approximately 50 per cent of the cost of 
renewing the plate, as the cost of gas freeing, 
cleaning the tank, and staging, are the costly 
items on tanker repair work. 


The wasted bulkhead plating in way of the 
stiffened scallops, page 5, is very obvious on 
many of the wartime built tankers which are 
now reaching their Type (B) Survey, but 
owners are now, I believe, omitting these 
scallops, and if not completely, limiting them 
to the length of stiffeners clear of stringers and 
end brackets. Deterioration, and often 
fractures, are also evident at the tongues of 
the scallops on the bulkhead stiffeners, especially 
in the vicinity of the stringers and end brackets. 
Another usual source of trouble to bulkhead 
plating is in the vicinity of the cargo pumps 


in the main pumprooms where extensive 
pitting occurs, possibly due to the steam 
from the pumps. This can be deceptive 


especially if the test hole readings are taken 
from the tank side of the bulkhead, which 
bears out the fact that bulkhead plating should 
be visibly examined and not too much stress put 
on test hole readings. 


Side shell plating and deck plating, as the 
Author states, show little deterioration 
generally, but cases do oceur. In one instanee 
of a tanker 8 years old, a few shell plates 
forward and amidships were reduced below the 
renewal limit, the wastage having occurred on 
the internal surface of the shell only. The deck 
plating of the same vessel, more especially in 
way of the after well deck and immediately 
forward of the centrecastle, was similarly 
affected requiring a fair amount of renewal. 


In closing I would like to thank Mr. Edgar 
for a very enlightening and valuable paper, 
which I feel sure will now be the yard stick in 
tanker survey work. 


MR. H. P. URWIN 


I should like to thank Mr. Edgar and 
congratulate him on a most excellent paper which 
contains such a great deal of useful information 
on the surveys of oil tankers and which, no 
doubt, will become a elassic for the guidance 
of all colleagues on this type of survey. It 
is a paper, however, which does not lend itself 
to much discussion of a controversial nature, 
as I am sure all of us are generally in agreement 
with the Author’s opinions and statements. 


Personally, if I have any regret it is that 
Mr. Edgar, who I know is fully alive to the 
problems of design of oil tankers and their 
building, both riveted and welded, has not 
extended this paper and co-related his findings 
with points which should be taken care of in the 
survey of new construction of oil tankers. 


He has given some instances such as spreading 
the load by brackets at the ends of side tank 
struts, and plating in the frame and stiffener 
notches in horizontal girders in way of end 
brackets, and extension angles not ending on 
“soft” plating but always being carried to the 
adjacent stiffener or “hard” spot; I would say 
these points are now being taken care of by the 
plans dept. when the plans are approved if this 
has not always been done in the past. 


I hope, therefore, that there may be some 
anestions which will extraet more information 
from the Author, who will have found, in 
addition to cracking troubles, more corrosion 
prevalent at points of stress concentration. 


I should like to ask Mr. Edgar whether he has 
found vertically corrugated transverse bulkheads 
too flexible in the upper span which is generally 
the longest. 


I believe that 16foot spans have been accepted 
without any horizontal stiffening such as 
diaphragms, and recently there has been evidence 
of considerable working in comparatively new 
ships. Has the Author met any cracking 
troubles due to working rather than corrosion 
fatigue. 


Would the Author say whether he has found 
less grooving at the heels of longitudinal 
bulkhead stiffeners when these stiffeners have 
been fitted longitudinally, as opposed to 
vertically, as one would anticipate. 


On page 5, Mr. Edgar says “with welded 
construction all bulkhead plating at the ends 
of welded attachments can be suspect” and he 
gives a formidable list of places where fractures 
have occurred. Many of these points might be 
taken care of by new construction surveyors 
carrying out dry survey work, and I am 
convineed that “dry surveys” are improving the 
quality of welding and eliminating notch effect 
due to the undercutting, ete., and careless 
malalignment of brackets on either side of a 
bulkhead.  Exeluding the above points of bad 
workmanship I would suggest that if the plating 
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is fracturing at the ends of welded attachments 
more welding rather than less is required at the 
ends of the attachments. 


Further, from page 5, is it to be understood 
that the top strakes of bulkheads when found +24 
thick should be allowed to go for a further four 
years. Whilst agreeing that the bulkheads 
would be oil tight at this thickness, is the Author 
convinced this thickness can withstand a further 
four years corrosion if carrying spirit without 
giving trouble due to corrosion fatigue or even 
withstanding compressive panel stresses at 
normal stiffener spacing. 


On page 9 the Author gives a general rule 
for renewal of decks at a reduction of 25 per 
cent from the rule thickness. On page 10 this 
is somewhat qualified in respect of large tankers 
where the original thickness may be up to 1:20 
which at 25 per cent loss would mean renewal at 


‘90 which might entail some argument with 
owners’ representatives. Assuming that the 
original secantlings had been based on a 


longitudinal sectional modulus giving say 6 tons 
per square inch stress at deck and bottom and 
that it might be inadvisable to exceed 10 tons 
per square inch stress, would Mr. Edgar suggest 
a percentage reduction for renewal which would 
maintain an adequate margin of safety as 
regards longitudinal strength. 


One last question on the preservation of 
bottom shell plating. | Whilst agreeing that the 
use of cement on the bottom when active 
corrosion is encountered is questionable as a 
deterrent to further corrosion, because adequate 
cleaning and sealing are almost impracticable, 
is there not a case for cementing the bottom at 
the time of building when this can be done 
efficiently provided, of course, the owners are 
prepared to offset the cost of probably saving 
the bottom shell against. the loss of tonnage 
carried during the vessel’s lifetime. 


MR. A. T. S. SHEFFER 


Mr. Chairman, may I in the first place 
express my appreciation of the very excellent 
paper presented by the Author, It is a paper 
which I think we all can agree will be a very 
valuable addition to the transactions of the Staff 
Association. 


The paper covers the subject in such a wide 
and comprehensive manner that it offers little 
scope for criticism. I should, however, have 


liked to see Mr. Edgar add one more chapter, 
namely a chapter relating his experience on 
upkeep surveys to the arrangements of new 
construction. 


Mr. Edgar, in his opening remarks under the 
title of “General Consideration and Background” 
refers to the need to obtain comprehensive 
recommendations at an early date in order 
that the large commitments can be properly 
gauged, but later dismisses the parts clear of the 
cargo tanks as though they did not matter. 
Whilst I agree with him that in most cases it is 
the condition of the cargo tanks which 
determines whether or not the job is to proceed, 
never-the-less in very old tankers the condition 
of the structure in the machinery space and 
elsewhere can contribute quite a lot to the 
owners commitments and the extent of the 
repairs necessary in these parts, some details 
of which have been referred to by the Author 
should therefore also be ascertained as early as 
possible in the assessment of the total extent 
of the work involved. 


In the sections of the paper relating to 
“Pre-View” and “Preliminary View” I note 
the Author makes no reference to scaling. It 
has been my experience that in order to get an 
early estimate of the extent of the 
depreciation of the sectional members of the 
structure a certain amount of scaling is quite 
often absolutely necessary. This is particularly 
the case when dealing with tankers which have 
switched over from the carriage of spirit to 
heavy oils, when the presence of a heavy but 
very hard scale on the face material of sections 
can be very deceptive. Perhaps Mr. Edgar 
would give us his views on this. 


The figures of limits of depreciation given by 
Mr. Edgar are very interesting and offer valuable 
food for thought. In the section dealing with 
the depreciation of decks he refers to the 
renewal of deck plates in the larger tankers now 
being built of = inch thick and over and suggests 
this may call for some re-adjustment of general 
views as to renewal. I think, perhaps, he 
could be a little more definite on this point, for 
I am sure it will call for some re-adjustment. 


The renewal of a plate say 1 inch thick, 
particularly if it involves, as it is almost sure 
to do, a lot of removals, and more especially 
on all-welded vessels, will most certainly arouse 
opposition, and extra compensation in lieu of 
renewal will more likely be the order of the day. 


Turning now to the chapter on “Reduction of 
Classification” the Author states that in order 
to reduce repairs there are cases where the class 
has been reduced from “Carrying Petroleum in 
Bulk” to “Carrying Homogeneous Petroleum 
Cargoes in Bulk.” He then goes on to relate 
the difficult problems associated with such, 
particularly on account of the bulkheads being 
in indifferent condition. 


It has come as a surprise to me that such a 
notation as the latter has ever been contemplated 
for the purpose of reducing repairs. It is a well- 
known fact that the life of the eargo tank block 
of the average spirit-earrying tanker constructed 
under the late rules is from ten to twelve years. 
It must be obvious, therefore, that when such 
a tanker is so badly depreciated as to require 
extensive repairs a reduction of these repairs 
to any great extent in order to modify the class 
and at the same time allow the vessel to carry 
as a long term policy the same type of cargo, 
only virtually in greater bulk, is to say the 
least fraught with very grave danger. 
Particularly is this so when it is considered 
that the rate of depreciation rises rapidly with 


the increased stress due to depreciation. 
Ignoring the other limitations on class 
mentioned by the Author, I do, however, 


think that there is seope for the modification 
of the elass of old tankers which while not 
unduly penalising the owner will also protect 
the interests of the surveyor and the Society. 


The Author has referred in his paper to those 
tankers where depreciation has been extreme 
locally, but general in a lesser degree throughout 
the vessel so that the limiting period has almost 
been reached. As previously stated, the normal 
life of a spirit-carrying tanker built on the old 
rule seantlings is from ten to twelve years, 
with the rate of depreciation rising with the 
age; while tankers carrying heavy oils do not 
show anything like the same depreciation even 
at 24 years or older, and then the depreciation 
being more often than not in the form 
of pitting. It is therefore not unusual for a 
superintendent to give a verbal guarantec 
that the vessel will not again carry spirit, and 
having regard to the much slower rate of 
depreciation when carrying heavy oils, asks 
the surveyor to modify his recommendations in 
this light, a request which I may say I 
think is perfectly reasonable, for no one wishes 
to rebuild a vessel which for economic reasons 


may be scrapped in a matter of four or five 
years. Unfortunately, whilst the superintendent 
may give this guarantee all in good faith, 
after the vessel has returned to service, the 
owners, chartering department may have 
different ideas and the vessel is once again 
engaged in carrying spirit with, in a short time, 
devastating results on already much depreciated 
material. 4 

It would appear to me, therefore, that there 
is scope for research in conjunction with the 
oil trade, to limit the class, say on the basis of 
flash point, which while excluding the carriage 
of spirit will allow the vessel to carry mixed 
cargoes of a variety of oils such as fuel, diesel 
and lubricating oils ete. Perhaps the Author, 
whose experience of these matters is very wide 
would care to give his views on such a proposal. 


And now, may I refer briefly to one or two 
points affecting new construction. There are 
elements of design in the construction of the 
modern welded tanker which are pregnant with 


trouble. The Author has already referred to 
some of these in his paper. One is the effect 
of corrosion on the plating in way of 


scallops of toe welded stiffeners. He has also 
frequently referred to heavy local depreciation 
in way ot lightening holes, etc., and also to the 
upper regions of the cargo tanks suffering more 
severely than the lower regions; it would appear, 
therefore, that with scalloped toe welded deck 
longitudinals and bulkhead stiffeners, deprecia- 
tion of the webs between the scallops will lead 
to very early failure. In these circumstances, 
Mr. Edgar’s views on the advisability of 
scalloping at all in these regions of rapid heavy 
depreciation would be weleome. 


Again, it is not unusual in modern tankers 
having very deep bottom longitudinals to have 
these pierced for the passage of cargo heating 
coils. In view of the accentuation of 
depreciation in way of lighting holes, I feel it is 
open to question whether full cognisance of this 
fact has been taken in providing the necessary 


compensation for the holes in the bottom 
longitudinals where cut for the passage of 


heating coils: It will be essential, therefore, 
to give special attention to these longitudinals 
at future upkeep surveys. 

Finally, whilst on the subject of cargo heating 
coils I note the Author makes no reference to 
the fact that these are very often fitted for 
the first time at an upkeep special survey and 
care should be taken to see that any holes cut 
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do not unduly weaken an already depreciated 
member. As a rule shiprepairers have no 
conscience in this matter. Here again, the 
problem of scallops enters into the question. 
The Rules allow the scalloping of floors, and 
in modern tankers with transverse framing in 
the wing tanks it is quite usual to have solid 
floors fitted every frame in the two foremost 
and two aftermost wing tanks; it will be 
necessary therefore, to watch very carefully the 
position of the holes for heating coils in these 
floors. 


It may be very difficult to fit proper 
compensation if the decision to fit heating coils 
is taken late in the refit period and when the 
vessel is afloat. Similar remarks could apply 
to the bilge brackets in wing tanks and here 
again the Author’s views on the advisability of 
scalloping would be welcome. 


Mr. W. M. BALFOUR 


In Mr. Edgar’s paper, facts are stated in 
concise form and brevity has been studied 
throughout. ‘To the ship surveyor with little 
or no experience of oil tanker surveys, a little 
more elaboration would have been helpful. 


The first impression on reading this paper is 
that the Committee’s requirement that a 
Principal or Senior Surveyor should join in the 
survey of tankers over twelve years old is a 
wise one. 


Mature, or Mr. Edgar calls it, fine 
judgment, is necessary because the surveyor from 
his impression of the ship’s structure, probably 
with the help of a few isolated test holes, must 
first decide on the all-important point of main 
structural strength. 


as 


For dry cargo ships the Committee retain 
control of main structural strength by the 
“drilling” surveys, and in practice, when the area 
of side plating is reduced by about 15 per cent, 
the main structural strength is restored; but this 
rarely happens with tankers as few outlive 24 
years. 


The onerous nature of surveying oil tankers 
could be greatly reduced if the question of main 
structural strength could be considered by 
itself—at the right time, submitted to and 
supervised by the technical staff at Headquarters. 
The “drillings’ should be sufficiently compre- 
hensive so that the area of bottom plating with 


bottom longitudinals and deck plating and deck 
longitudinals could be estimated within a 
reasonable degree of accuracy. 


When necessary, the main structural strength 
would be restored by renewing, possibly of 
heavier scantlings, one strake*of bottom plating 
port and starboard, with longitudinals and by 
a somewhat similar restoration on deck. 


The prerequisite, before applying 30 per cent 


and 40 per cent reductions for local wear down, 
is that the main structural strength is good. 


The significant words in the Instructions to 
Surveyors for the table of wear down are 
sometimes overlooked : 


“When the struetural strength is 


maintained .. . 


general 


” 


Under the present system, the surveyor must 
combine general wear down and loeal wear down 
and try to get sufficient continuity of new 
material to avoid abrupt discontinuities of the 
main struetural strength. 


AUTHOR’S REPLY 


I wish to thank all contributors to the 
discussion for their appreciation or criticism, 
and for the information supplied. 


There are certain matters which receive 
similar reference throughout and it may help 
to deal with them first; this part then may be 


of more general concern, 


First regarding renewals and renewal limits. 
Some reference is made to restoration of 
standards and if is implied that the standard of 
strength given in the Society’s rules is restored at 
Special Surveys. Restored maybe, but entirely 
restored no, and let us be quite clear on the 
point. Apart from well-established practice 
a little consideration will show that full 
restoration is not even a practical policy and the 
question must arise therefore of where the line 
is to be drawn. 


My own view has been given and some 
comment indicates it may be on the low side. I 
suggest this is due to a misapprehension of the 
working of the renewal limits and to overlooking 
the latter part of Sect. II of the paper. As 
given there, a renewal limit at 25 per cent 
deterioration of individual plates for example, 
does not give rise to diminution in sectional area 
of plating of a like amount, the 18 or 19 per 
cent referred to is an extreme reduction subject 
to safeguard at the critical parts (Sect. 6 para. 3) 
and normally the reduction in sectional area is 
less than these percentages. It is more likely 
to be of the order of 4 per cent to 11 per cent. 


An example of its working is Tanker A of 
26 years of age, gross tonnage approx. 7000 
and of the single centreline fore and aft 
bulkhead type with summer tanks. On arrival, 


drillings showed existing reductions in sectional 
area as follows:— bottom shell 37 per cent, 
upper deck 26 per cent, centre line bulkhead 42 
per cent, trunk side 40 per cent, 2nd deck 47 per 
cent. A typical transverse bulkhead (tanks both 
sides) gave drillings top strake -08, then -15, -25, 
24, -27, -26 and base plate -40. 


On completion of the survey the final 
reductions in sectional area were 11 per cent 
in bottom shell and upper deck, 63 bottom plates 
and 57 deck plates having been renewed. The 
whole of the centre line bulkhead except the 
bottom strake was renewed, practically all the 
trunk side and second deck and about three 
quarters of the transverse bulkheads. 


So far therefore as concerns the plating 
surfaces I do not feel there need be any 
apprehension and it is only rarely at the 
critical regions in way of openings or dis- 
continuities that any additional material has 
been considered advisable. 

With regard to the thicker plating of deck 
and shell now being used in large ships, 
addition of material by doubling part of the 


plating can of course make good deficient 
longitudinal material. The remainder not 


doubled, would continue to corrode, and it will 
not be possible for it to avoid entering into 
structural straining to some extent. It will thus 
eventually have to be dealt with. The 
attachment of doublings would need care, to say 
the least, and where the surface is corroded 
would be of doubtful value, and presumably in 
welded ships welding would be used. The real 
difficulty will possibly lie, as some appreciate, 
in the viewpoint of the owners on the necessity 
for anything at all. 


Doubling the side shell as a general addition 
to structural strength is a thing of which I have 
no experience. I should prefer to add material 
to the deck or bottom and suggest that doubling 
the side shell dates from the times of wooden 
decks. 


Acceptance of the top strake of bulkhead 
plating at -24 has been productive of doubts. 
By -24 is meant good value for -24, and plating 


free from incipient grooving, or heavy 
caulking at the toes of conneetions. Its 
acceptance implies the careful examination 


indicated as necessary, after which, in my view, 
it would sustain the next four years with ease. 


We now come to the small table in Sect. 5(d) 
which was primarily given to indicate that a 
reduction of « per cent in the web thickness does 
not, in the conditions specified, produce a 
reduction in strength of the same amount. The 
conditions specified—‘provided the face material 
is substantial or can be made so’—(Seet. IT para 
8) ean normally be met, as the plating to 
which stiffeners showing appreciable web 
depreciation are attached, may well also be 
depreciated and so be renewed, while face 
material in the form of flanges ean readily be 
made good and if in bulb form is not subject 
to such rapid depreciation as the web of the 
section. 


Further, with reductions of web thickness of 30 
per cent and up to 40 per cent, renewal of some 
of the members is clearly contemplated (Sect. 
5(d) paras. 3 and 4). Judgment is, of course, 
essential, but to conelude that because the webs 
are reduced by 30 per cent for example, large 
seale renewal therefore necessary is to 
overlook the attendant circumstances. It may 
be mentioned that reductions of considerably 
more than 40 per cent, accompanied by reduced 
plating thickness and somewhat wasted bulbs 


is 


are repeatedly observed without — visible 
functional failure. 
And generally with regard to the limits 


mentioned, lower ones are often observed to be 
in use. 


I am wholeheartedly in agreement regarding 
the application of experience of service results 
to new construction, which has particular force 
in tankers and especially at the present stage of 
development. The study of these results is 
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of great importance; it is a large subject and 
could not well be ineluded in the scope of the 
present paper. 


As to the special features of mollasses tankers, 
my limited experience would indicate that it is 
primarily the internals which suffer due to the 
higher density of the cargo and the special 
method of loading. Thus the bulkhead 
stability should be well maintained. Corrosion 
is not so rapid—again so far as my experience 
goes—but may be more specialised in direction. 
Ordinary bulkhead scantlings—old rules—for 
petroleum tankers have been found on the light 
side due to the loading, while the end connections 
of the bottom framing appear particularly ° 
vulnerable. 


With regard to the arduous physical nature 
of tanker survey work, the simplification and 
reduction of the survey was on objective of the 
paper. 


As to seallops, experience appears to indicate 
it inadvisable to continue these in stiffeners in 
the region of the supporting girders, in way 
that is of the maximum shearing forces. The 
same consideration would appear to apply at the 
ends of the larger girders. (See also reply to 
Mr. Jensen). In these items we are in their 
early days as yet. 


To Dr. G. WEBSTER 


Dr. G. Webster queries the thickness of a 
bulb angle web of -28 thickness in four years 
time. That depends of course on how long it 
has taken to become -28 and whether it has been 
on the same cargo all the time. If it has been 
on spirit, and is now on black oil, and if it is 
a vertical bulb angle, it might well remain at 
-28. But see also above regarding renewal of 
stiffeners in border line cases. 


Attention is drawn to the midship half length 
because of the structural stresses there, and it 
would appear that lesser stresses might be more 
leniently dealt with. 


With regard to terms of drilling, at 8 years 
would not be too early but this is dependent 
on the eargo earried. 


I imagine no connection is intended between 
criticism of the -24 limit on the top strake of 


the bulkheads and the large tanker repairs 
referred to. In these my comment would be 


directed to the way the annual general 
examinations at eight years and after must 


have been done. It would not appear to have 
heen a question of limit, but of no limit at all. 


To Mr. H. R. Gress 

Mr. H. R. Gibbs confirms the severity of the 
physical side of the work of a surveyor; the 
possibility of his being relieved of tank testing 
is raised, but it would earry with it the proviso 
that the surveyor must be conversant with the 
methods employed in securing watertightness 
and generally with the results of testing, whieh 
is of course indicative of the whole quality of 
the work. Dry surveys with welding work 
are essential, but so are all the other 
multitudinous duties mentioned by Mr. Gibbs. 
It is the business of builders and repairers 
to ensure that the work is properly completed 
stage by stage, and this should be insisted upon. 
This, and the organisation of the work of 
drilling and use of owners’ men are matters 
requiring management by the surveyor, and his 
constructive efforts in this direction are generally 
welcomed by those responsible. 


Check drilling at intervals between special 
surveys may be informative but is it necessary? 
Special surveys can be satisfactorily completed 
for four years and it has in the past been a 
matter of principle so to complete them. 
Similarly pitting repairs can also be completed 
without requiring intermediate examinations. 
The extra work involved in these examinations 
is quite considerable and would probably not 
commend itself to the owners, some of whom, 


while willing to do all necessary at special 
survey, are averse to repairs and surveys 


between times. There are those, of eourse, who 
always prefer to defer matters. 


It is interesting to know that one national 
authority refuses acceptance of doublings to 
pittings in way of the oil tanks. 


I would not care to go into the survey of 
bracketless tankers which fortunately are rare 
in this country. My recollections are of 
difficulty under test at the end of bracketless 
bottom centre: girder and at the ends of the 
bottom longitudinals. 


To Mr. G. J. THomas 


The rules require the heating coils to be 
tested on first installation, but not at subsequent 
surveys. There the matter rests, and so far as 


19 


T am aware, that is what is worked to. <A 
surveyor would, of course, draw the attention 
of the owners’ representative to the coils being 
corroded through where this was observed, 
but would not subject them to close examination. 
The position to my mind is unsatisfactory and 
the danger of oil in the feed water should 
be regulated otherwise than by continual 
examination of the piping, which is a cargo 
matter. 


To Mr. H. Berry. 

Primarily, it was intended that Sect. III of 
the paper (see last para. of part I) referred to 
ocean going tankers of normal size, that is of 
7000 tons gross and upwards. Regarding small 
coasting tankers, if it is assumed the shell is 
30 originally, then -25 is probably low enough 
in view of possible contacts. At the same time 
if amidships is +30, the ends presumably are 
less and a less limit need not he discarded. 
The factor of safety structurally of small ships 
is generally higher comparatively with larger 
ships. Internally, where not subject to contact, 
acceptance of -23—on the understanding that 
this is truly indicative of the plate under 
review—would depend on its position. 


IT cannot entirely agree that everybody welds 
pittings though welding is somewhat too easy 
in that regard. I have had no experience of 
metal spraying and feel its extended use would 
he largely a matter of cost. 


To Mr. R. G. Locxwarr. 


Mr. R. G. Lockhart mentions the possibility 
of unbalance in the distribution of the structural 
material being induced by repairs. Unbalance 
may increase the stress due to the alteration 
in the position of the neutral axis, but whether 
balance achieved by reduction of material 
would be satisfactory depends on the degree 
of reduction. In any ease the paper does not 
visualise ‘a deck reduced by 25 per cent or 
more’—see commencement of this reply and last 
part of Section II, and it is not thought 
unbalance will result. 


To Mr. G. Fuiuertoy. 


Mr. G. Fullerton suggests staging for the 
preliminary examination straight away. . This 
may be satisfactory but for my part I would 
prefer not to recommend staging tanks 
without first looking at them, and can recall 
many eases where repairers have been dilatory 


in fitting staging. The survey should be 
carried as far as possible without staging and 
there are many cases where it is only partially 
necessary. 


Before a final appreciation of the condition 
of the bottom shell can be reached, it must of 
course be seen externally but internal corrosion 
is on balance more serious—hence the need for 
early steps to clear the position—sce preview. 
Deferring this to dry docking may mean that 
all possibility is lost of the vessel being dry 
docked earlier because of heavy bottom repairs 
known to exist. Reconnaissance of a ease is in 
my view always advantageous. 


May I again mention that the figures given 
in the paper do not permit wholesale reductions 
of the extent indicated. 


No reduction of classification could be under- 


taken without submission and approval. 
Reduction of draft is not undertaken on account 
of wastage of bulkheads ‘but of general 


structural strength. The adjustment of scant- 
lings to draft is well established, and indeed the 
basis of the rules, but any such proposal must 
of course be submitted. 


To Mr. C. J. G. JENSEN. 


Mr. C. J. G. Jensen refers to the ending of the 
welded connection of the horizontal girder to 
the bulkhead. This may be a source of danger 
and eare should be taken that the end welding 
is smooth so that inereased stress due to 
roughness and discontinuity may not occur. 
The shearing force is inereased at the ends of 
the girder and amount of welding in conneetion 
of web to plating is a question in large girders. 
Deflection may take place in the bulkhead 
plating where unsupported due to notch or 
scallop. For these reasons the girder should 
he fitted close to the bulkhead flange of the 
stiffener (if there is a flange) or a collar fitted 
continuing the girder if the — stiffener 
welded toe on, and the welding of the girder 
continued up to the stiffener. As mentioned 
above the seallops are better omitted. 


is 


To Mr. A. G. 


Mr. A. G. Akester refers to some fractures 
being a nuisance, but there always the 
danger of their extension, particularly in welded 
construction. 


AKESTER. 


is 
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One of the chief contributory causes of 
fractures in the bilge strake is the roughness 
and notch effect in the welding, particularly at 
the end connections, coupled of course with 
inereased girder stress when rolling at sea. 


Corrugated bulkheads are in their intaney, 
and apart from fractures resulting from 
defects of design I have only observed the seale 
thrown off at the points of flanging in 
horizontal corrugations on fore and aft 


bulkheads, and this is in the T2 tankers. 


I suggest that continuous survey of oil tanks 
may possibly not be so common in view of the 
preparation necessary even for a partial survey 
and the large total amount of repair to be dealt 
with. 


To Mr. 

Mr. 
corrosion. 
one of the reasons why one 
figures for renewal as he mentions. 


A. KE. Heap. 


A. E. Heap refers to the time factor in 
I quite agree that its existence is 
cannot be bound by 
But the 


essentials of the time factor—the cargoes 
carried and for how long—are not so easily 
obtained. 

Provided the tanks are filled as necessary 


for test the acceptance for test if there were 
no renewals would certainly shorten the work. 
This would of course be more possible at the 
first survey. 


Renewal of rivets is preferable to caulking, 
indeed caulking, if it is caulking proper, 
tending to raise the surface from the countersink, 
should never be done. Setting up or hardening 
in with a ‘dolly’ is another matter. The 
‘ringing’ type of caulking should not be allowed. 


By testing to the light loadline is understood 
testing to the height of that waterline from which 
the ship could load her full cargo deadweight 
and be just down to her maximum load draft. 
The acceptance of this reduced head for the 
shell in view of the full head having been 
employed when building. 


is 


The circulars relative to T2 tankers cover five 
types of fracture and repair. At the present 
time the repairs are now being repaired, 
modified, while fresh types of fracture appear. 
The most serious of recent months has been the 
corrosion and fracture of side longitudinals at 
the points of the comparatively stiff through 
end brackets. In these cases the tripping 


or 


bracket fitted within the flanged 
longitudinal had been placed just outside the 
bracket point instead of just within as approved. 


In my view a proportion of strums might be 
removed provided the keel plates were found 
entirely satisfactory. 


To Mr. J. Roperts. 


Mr. J. L. Roberts refers to the increased 
stress in the bilge plating consequent upon its 
assumption of higher girder stress. For this 
reason the end connections of the bilge keel 
where welded should be full and smooth. 


It may be that the double riveted horizontal 
seams associated with vertical stiffeners have 
added stiffness to the plating, but certainly 
plating flush welded and with toe welded 


stiffeners is at a disadvantage in that respect. 


To Mr. R. N. Hunrer. 


Mr. R. N. Hunter confirms that the welding 
of large wasted areas is to be avoided. I have 
no experie nce of the results of preventing 
corrosion; it has been the subject of investigation 
by the oil companies from time to time, but 
not much result has yet been apparent. 


To Mr. T. 

Using longitudinal stiffening or fitting girders 
to make good deficiency in plating, thiekness may 
be of value on occasion, but the more direct 
method of renewal normally preferred. 
Added material of the types mentioned would 
probably also be subject to a higher rate of 
corrosion. Under the arrangements suggested 
in the paper for deck renewals the necessity 
for borrowing strength from the stiffening 
should not arise. 


PRATT. 


is 


Rolled stiffeners are preferable in my view 

» flanged plates and some owners, even under 
ae difficulties of supply, have refused to 
accept flanged plates. 


To Mr. A. C. Hunrer. 
Mr. A. C. Hunter refers to the desirability 
of co-operation between surveyors on new 


welded constructions and those on_ its repair, 
and this is one aspect of the need for a full 
experience. I note Mr. Hunter saddles principal 
surveyors with the responsibility for this, but 
even they have their limitations. 
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plate 


To Mr. H. McQueen. 

Mr. H. McQueen refers to the tripping 
brackets required at the ends of longitudinals. 
Service may have proved these necessary but 
I cannot recall examples. The ideal would be 
for the deflection under load gradually to taper 
from that in the longitudinal and plating alone, 
through the stage of bracket and _ stiffener to 
the bracket at the bulkhead alone, assuming the 
longitudinals do not pass through. the bulkhead. 
The tripping bracket at the point of the 
longitudinal bracket would seem to disturb this, 
and that at the inner end to be unnecessary. It 
may be thought that the flanged plate stiffener 


might fail at the bracket point but this is 
considered unlikely and less so with rolled 


stiffeners. 


To Mr. H. J. Apams. 


Mr. H. Adams rather shakes me by men- 
tioning welding on the bottom plating afloat, as 
agreement has not been given to welding of 
strength members in such a situation, nor of the 
stiffening of bottom plating under Cire. 1888 
because of the immediate chilling effect on the 


deposit. Welding of pittings for over two 
weeks must have been considerable. 

The chief trouble with slots in horizontal 
girders has been at the points of the end 


brackets and abreast the struts or ties in the side 
tanks. At the toes of the brackets they are now 
required to be filled in; lightening holes are also 
prohibited. For the rest, notches are to be 
well rounded with smooth edges, but often are 
not. With these precautions a noteh of about 
one third of the girder depth should prove 
satisfactory, provided those abreast the struts 
also receive attention. 

I note he has sympathy, as I ‘have, with 
owners objections to renewal of thick sectional 


material when the remaining thickness is 
substantial in their eyes. Such renewal nsf 
feel sure, not practice. The permissible 


thickness of sectional material appears to be 
given by Table 77 of the rules, and this in my 
view is too wide in its application for use in 
basing renewals. 


To Mr. W. A. Roptinson. 


Mr. W. A. Robinson suggests a selection of 
tanks for the preliminary view, which clearly 
is advantageous, but may I say there is nothing 
hard and fast intended in this regard. The 


increase in the bulkhead plating thickness in the 
present rules, Table 71, is largely in the upper 
plating, but not entirely so. I am indebted for 
his confirmation relative to safety margins. 


With regard to the deck renewal limits 
suggested in the paper, these may ‘be strained 
to the full limit, not only with the thicker 
plating being adopted, but with past scantlings 
(see also earlier part of this reply and that to 
Mr. Sheffer). 


The suggested horizontal gusset on bottom 
longitudinals appears to be a good design. 
Sealloping back the free edge between 
longitudinals might also have the effect in 
tapering stiffness at the point of attachment 
to the longitudinals. 


To Mr. R. H. T. Gorvon. 

Mr. R. H. T. Gordon refers to tripping of 
deck longitudinals under depreciation, but I 
would not care to attempt to indicate the web 
thickness which would be the minimum to 
prevent tripping. It could not well be 
associated only with thickness as it is affected 
by span. With longitudinals showing 30 to 40 
per cent reduction some renewals are suggested 
(See Seet. 5d of the paper and earlier in this 
reply). 


Mr. Gordon is quite right that one could 
not for a moment advoeate rivets without heads 


and depending on the taper necks alone, but. 


there is a difference between those with tapered 
and those with straight necks. It is a matter 
of judgment and heads gone beyond a certain 
stage should be renewed. ° 


To Mr. D. T. Grant. 


The suggestion that past repairs should be 
recorded for reference is excellent, but its 
ineeption difficult. The record could be made 
on the plan suggested in the paper, and for 
this to be required by the rules would have also 
other advantages. 


Sealing of the keel plate and its regular 
coating would be beneficial. Its thorough 
upkeep frequently overlooked and _ is 
productive of heavy repairs, and it could easily 
receive progressive attention. 


is 


A doubling fitted over stiffeners for grooving 
should preferably take about every third rivet 
in the stiffeners. It could be accepted as 
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permanent provided the plating were satisfactory 
elsewhere. If it were likely that this adjacent 
plating would require renewal at next special 
survey, doubling at an intermediate time should 
first be referred to owners and the possibilities 
indicated. 


The details of recent 
found of interest. 


deterioration will be 


To Mr. H. P. Urwin. 


Mr. H. P. Urwin inquires regarding corrugated 
bulkhead plating, but so far cracking due to 


working has not been experienced. Grooving 
with vertical stiffening tends to be more 
prevalent and severe than with horizontal 
stiffening. Dry surveys in new _ welded 


construction appear at this stage to be entirely 
essential. 

There is a case for increase of amount of 
welding, particularly in the shear weld connection 
of web to plating in the region of the maximum 
shearing force of a member and with especial 
application to the attachment of scallop tongues 
of minimum size. But there are cases where 
this would not be the remedy and_ fracture 
results from bad design. 


No qualification of the’ suggested 25 per 
cent reduction is implied on page 10, and 
“3 inch in thickness and over” was held to cover 


‘90. In suggesting permissible reductions, 
guidance has been obtained by the results 


of sea experience and there is no recognised 
co-relation between permissible paper stresses 
with their limitations and limiting reductions. 
Further reference is made to this question of 
thicker deck plating in the early part of this 
reply and in that to Mr. Sheffer. 


Cement properly adhering is undoubtedly 
beneficial, but it requires close examination at 
special survey. 


To Mr. A. T. 

Mr. A. T. S. Sheffer refers to the possibility 
of large repairs clear of the cargo tanks. True 
enough, of course, but the paper concerned 
primarily the special features of the oil tanker. 

In vessels which have been carrying heavy 
oils, seale is diffieult to remove. For such, it is 
possibly better to have the essential drilling 
done after a little exploration and the drilling 
then scaled, rather than attempt more scaling 
without drilling. 


S. SHEFPER. 


At special surveys the structural and local 
positions both have to be safeguarded. The 
local position may vary with increased size of 
ship and thicker material and the reduction 
rate expressed as a percentage will be slower 
with thicker material. But there seems little 
reason for adopting a different standard 
structurally so long as we are dealing with the 
same conditions. Whether any alteration is 
desirable, time will show. Thicker plates, 
welded connections, larger ships and the same 
seas introduce different factors, but in my view 
the past structural basis with its margins might 
well be used _ initially. (See also earlier 
comment). 


With regard to the references to reduction of 
classification, the intention is that the structural 
parts should be maintained normally — at 
special survey, but that the bulkheads, secondary 
so far as longitudinal strength is concerned, 
are adjusted to satisfy the altered cargo 
conditions. It was to the details of this last 
that attention was drawn. 


as 


Mr. Sheffer refers to a life of 10 to 12 years 
as normal. The critical time may begin at 
barely 8, but tankers have been retained beyond 
24 years. 


The longer life of depreciated scantlings 
when the cargo is confined to the heavier’ oils 
appears susceptible to investigation. The facts 
might well be used with advantage to the owners 
at special survey. Amendment of class is 
another matter, but in view of the analogous 
case of carriage of homogeneous petroleum 
cargoes in bulk referred to, official recognition 
would appear reasonable, 
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T sympathise with Mr. Sheffer on the cutting 
of holes for heating ecails, and here a surveyor 
must insist on a proper arrangement. Compen- 
sation for girder strength and shell attachment 
are the essentials; some arrangements require 
less cutting of members than others and eould 
well be more largely adopted. 


To Mr. W. M. Baxrour. 


Mr. W. M. Balfour notes the brevity so 
painfully attained in the paper but would have 
preferred elaboration. One must first be clear 
on the essentials and this was the intention of 
the paper. 


I like the “few isolated test holes”; believe me, 
many more than these are necessary. It is for 
the purpose of limiting their number amongst 
other matters that a preview and a preliminary 
view are suggested. To know how thick a 
plate is by examination, without drilling, is an 
accomplishment, but owners’ representatives 
would need holes. 


May I refer to comment earlier in this reply 
regarding side shell and restoration of 
structural strength. 


The need for examin'ation at the ship has been 
emphasized throughout in the paper and for 
that reason submission to headquarters is not 
favoured. The reference “before applying 30 
per cent and 40 per cent reductions” does not, 
[ trust, indicate that the carefully worded 
attendant conditions indicated as desirable in 
the paper are overlooked. Reference to this is 
also made in the earlier part of this reply. 
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